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In  physics  the  memory  diaborthens  Itself  of  its  cumbroos  catilogQe  of  particulars 
and  cames  centuries  of  observation  in  a  single  formula.— Emebsoii  oir  Nature. 

'*  It  ought  to  be  more  generally  known,  that  theory  is  nothing  more  than  the  conclusions 
of  reason  from  numerous  and  accurately  observed  nnenomena,  and  the  deductions  of  the 
laws  whi^  ixmnect  causes  with  effectB ;  that  practice  is  the  application  of  those  general 
truths  and  principles  to  th^common  affairs  and  purposes  of  life ;  and  that  science  is  the 
reoorded  eiqperlonce  and  diaooveries  of  mankind,  or,  as  it  has  be«k  well  defined,  *  the 


knowledge  of  manv,  orderly  and  methodically  digested,  and  arranged,  so  as  to  become 
attainable  by  one. '<''— American  Quabterlt  REprw. 
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INTRODUCTION  ' 

TO  THE  THIRD  EPITION. 


In  order  to  render  this  edition  more  valuable  to  the 
hydraulic  engineer  the  work  has  been  again  consider- 
ably extended  by  the  insertion  of  several  new  formulaa, 
experimental  coefi^ients,  and  general  estimates  of  cost. 
It  is  hoped  that  the  extent  and  practical  nature  of 
these  additions,  will  render  the  book  still  more  useful 
than  before,  to  meet  the  ever-varying  requirements  of 
the  profession  in  connexion  with  rivers  and  water- 
works. The  experiments  of  Mr.  Mallet  on  syphons 
made  in  1843,  and  printed  in  Weale's  Quarterly  Papers 
on  Engineering,  have  been  reduced.  New  formula  are 
given  for  finding  the  discharge  &om  syphons,  flood- 
sluices,  and  tidal-sluices.  The  practical  formula  for 
gauging  by  weirs  have  been  added  to.  The  arrange- 
ment of  the  matter  is  in  some  places  altered,  and  some 
portions  of  the  former  introductions  transferred,  at 
their  proper  places,  to  the  text,  and  others  are  retained 
here. 


♦ 


iv  INTRODUCTIOX  TO   THE  THIRD  EDITION, 

At  page  85  the  erroneous  practice  of  different  engi- 
neers in  giving  only  two-thirds  of  the  coefficient  of 
discharge  for  weirs  is  noticed.  This  practice  assumes 
that  the  theoretical  discharge  from  a  notch  is  the  same 
as  if  all  the  particles  of  water  had  the  same  mean 
theoretical  velocity  as  those  undermost,  which,  being 
too  large  by  one-third,  the  experimental  coefficient  has 
to  be  reduced  in  the  same  proportion  to  give  a  correct 
result.  There  is  no  reason  for  sanctioning  a  different 
coefficient  for  notches,  or  orifices  at  the  surface,  and 
for  sunk  orifices.  The  coefficients  when  in  thin  plates, 
with  large  cisterns,  have  nearly  the  same  general  value,. 
'616  to  '628,  for  both,  and  it  tends  to  confusion  to 
adopt  in  one  place  a  coefficient  for  a  correct  formula, 
and  in  another  a  coefficient  for  an  incorrect  one ; 
although  the  final  result,  by  an  equality  of  contrary 
errors,  may  be  the  same.  I  may  here  observe  how- 
very  general  the  coefficient  of  two-thirds,  and  there- 
abouts, is  for  all  orifices  and  notches ;  likewise  for  the 
useful  effect  derived  from  the  application  of  water 
power ;  as  well  also  for  the  relation  of  the  velocity  due 
to  the  fall  and  the  velocity  of  water  wheels  to  give  a 
maximum  result.  The  modifications  of  coefficients, 
dependent  on  the  position,  thickness,  form,  and  ap- 
proaches of  an  orifice,  are  as  yet  little  understood  by 
the  profession.  The  defects  in  the  ordinary  formula 
when  the  velocity  of  approach  has  to  be  considered  are 
pointed  out  in  pages  88  to  124,  and  it  is  to  be  regretted 
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that  the  authority  of  some  writers  on  the  subject  has 
misled  many  as  to  the  correct  form.  Before  the  effec- 
tive power  of  a  water-wheel,  or  water-engine,  can  be 
determined,  we  must  know  how  to  gauge  the  water 
supplied  to  it  correctly.  This  can  be  done  only  by  the 
application  of  formulae  and  coefficients  varied  to  suit 
the  circumstances  of  the  case  under  consideration. 
From  causes,  which  it  is  not  necessary  to  enter  into 
here,  this  has  seldom  been  done,  and  very  little  depen- 
dence can  be  placed  on  results  obtained  by  the  formula 
in  common  use  when  applied  generally.  It  is  pleasing 
to  follow  Mr.  Francis  and  Professor  J.  Thomson 
through  the  steps  by  which  they  get  the  effective 
power  of  their  wheels,  and  I  have  accordingly  made 
considerable  use  of  their  labours  in  Section  XTV. 

In  practice,  the  irregular,  sometimes  sloping,  broken 
«nd  jagged  crests  of  most  weirs,  on  larger  rivers,  render 
any  close  estimate  of  the  quantity  passing  over  quite 
uncertain,  especially  for  lesser  depths,  unless  where 
the  observer  has  a  large  scientific  experience ;  and  the 
quantities  are  generally  too  large  to  apply  the  ordinary 
notch-gauge.  In  such  cases  it  is  better  to  measure  the 
flow  of  the  river,  stream,  or  mill-race,  firom  the  cross 
section  and  the  observed  mean  velocity.  Frequently, 
however,  this  method  presents  another  difficulty,  in  an 
irregular  channel,  where  the  depths  and  velocities  vary 
^considerably  in  the  same  cross  section,  and  where  the 
<cross  sections  themselves  vary  in  short  distances  apart. 
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In  such  cases  I  have  often  found  it  necessary  to 
divide  a  selected  stretch  into  two  or  more  longitudinal 
sections,  determining  the  cross  section  and  mean  velo- 
city of  each,  and  taking  the  sum  of  the  results  for  the 
flow :  which  may  be  checked  oflF  by  like  admeasure* 
ments  on  a  different  stretch  of  the  channel. 

Long  solid  stone  weirs,  with  an  enlarged  weir  basin 
in  connexion  with  mills,  to  regulate  the  head  and  to- 
pond  water,  above  a  water-wheel,  have  especial  advan- 
tages for  this  duty ;  but  their  application  for  the  pur- 
pose of  keeping  down  the  head,  and  to  eflfect  drainage 
for  long  distances  up  a  river,  without  a  sluice,  or  fall- 
ing crest,  see  page  290,  was  marvellous — unless  for  the 
drainage  of  capital.  In  November,  1849,  in  connexion 
witli  a  paper  on  the  Benburb  Mills  and  Weir  case, 
page  288,  I  drew  the  attention  of  the  Institution  of 
Civil  Engineers  of  Ireland  *  to  the  misapplication  of 
such  long  solid  weirs  on  the  Shannon,  for  navigation 
and  drainage  pm'poses.  The  ''Arterial  Drainage 
Commissioner,"  on  the  Board  of  Works,  who  was 
present,  "pooh-poohed"  the  inferences;  but  the 
failure  of  tliose  works — rather  the  injury  they  do — has 
since  become  patent  to  all ;  and  after  an  expenditure 
of  about  £600,000,  an  Act  has  been  passed  for  the 

*  This  paper,  although  read  at  the  special  request  of  the  President,, 
then  Chairmaa  of  the  Board  of  Works,  and  ordered  to  be  printed,  did 
not  appear  in  the  TmnsadioiiSf  but  its  substance  aftcnvards  became 
the  nucleus  of  our  First  Edition.  The  Commissioner  of  Drainage  was 
one  of  the  Vice-Presidents,  and  the  author  a  Member  of  Council  at  tho 
time. 
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outlay  of  another  £300,000,  a  moiety  of  which  the 
riparian  proprietors  are  again  expected  to  contribute. 
This  amount  is  proposed  to  be  now  expended  in  order 
to  remedy  the  misapplication  of  a  large  portion  of  the 
first  sum,  £800,000  of  which  had  to  be  paid  by  the 
proprietors  of  the  adjacent  counties,  without  having 
had  any  control  over  its  expenditure. 

Since  the  Report  of  the  "  Commissioners  of  Inquirj- 
into  the  Arterial  Drainage,  in  eleven  districts  in  Ire- 
land," see  pages  896,  397,  and  898,  and  the  removal 
of  the  Arterial  Drainage  Commissioner,  Treasury  Mi- 
nute, 24th  June,   1858,  drainage  works  have  been 
carried  on  under  a  better  system.     The  riparian  pro- 
prietors of  the   Shannon,  however,  if  again  taxed, 
should  have  power  to  nominate  an  engineer  of  their 
own  selection,  to  consult,  act  with,  or  control,  if  neces- 
sary, any  engineer  selected  by  the  Treasury,  or  by  the 
Commissioners  of  Public  Works,  and  to  see  after  and 
protect  their  special  interests.     The  system  of  execut-* 
ing  works  solely  by  or  under  the  staff  of  the  Government 
in  Ireland,  to  the  cost  of  which  districts  or  individuals 
contribute,  has  not  been  successful;  and  has  not  given 
satisfaction.    When  the  Treasury  is  solicited  to  lend, 
or  to  contribute  for  State  purposes,  the  control  exer- 
cised by  the  Board  of  Public  Works  and  its  engineers, 
with  reference  to  the  plans,  estimates,  and  specifica- 
tions submitted,  is  of  much  value  ;  but  the  sooner  the 
system  adopted  for  drainage  works  since  1868  is  gene- 
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rally  carried  out,  and  persons  to  be  taxed  for  the 
Shannon,  or  for  piers,  harbours,  and  other  works,  are 
also  permitted  to  have  a  voice  in  the  engineering  plans, 
and /air  control  over  their  execution,  the  better  for  the 
State  and  for  all  parties  immediately  interested. 

The  Tables,  from  I.  to  XIV.,  at  the  end  of  the 
volume  are  all  original,  with  the  exception  of  Table  I., 
which  contains  the  weU-known  coefficients  of  Povcelet 
and  Lesbbos  ;  but  these  are  newly  arranged,  the  heads 
reduced  to  English  inches,  and  the  coefficients  for 
heads  measured  over  and  back  from  the  orifice,  placed 
side  by  side,  for  more  ready  comparison.  The  coeffi- 
cients in  the  small  Tables  throughout  the  work  were 
all  calculated  by  the  author  from  the  original  experi- 
ments ;  the  formulae  have  been  carefully  investigated, 
and  the  continental  ones  reduced  to  English  measures 
— some  of  them,  as  will  be  seen,  for  the  first  time. 

The  correction  of  some  of  the  experimental  formulae, 
particularly  the  continental  ones,  as  printed  in  some 
English  books,  cost  the  author  some  labour.  Even 
Du  Bud.t's  well-known  formula  is  frequently  misprinted ; 
and  in  a  hydraulic  work,  \/d—'l,  one  of  the  factors,  is 
printed  \/d—  •!  in  every  page  where  it  is  given.  It  is  not 
always  that  such  mistakes  can  be  avoided,  but  experi- 
mental formulae  are  so  often  copied  from  one  work  into 
another  without  sufficient  examination,  that  an  error 
of  this  kind  frequently  becomes  fixed ;  and  when  ap- 
plied to  practical  purposes  erroneous  formulae  get  the 
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correct  ones  into  disrepute.     See  note  to  formula  (91), 
page  218. 

The  Tables  of  velocities  and  discharges  over  weirs 
and  notches  have  been  calculated  for  a  great  number 
of  coefficients  to  meet  different  ciiu^umstances  op 
APPBOACH  AND  OVERFALL,  and  for  various  heads  from 
ith  of  an  inch  up  to  6  feet.  Table  II.  embodies  the 
velocities  acquired  by  falling  bodies  under  the  head  of 
''theoretical  velocity,"  and  the  velocities,  suited  to 
various  coefficients,  for  heads  up  to  40  feet. 

The  formulflB  (46>,  (46),  (45a),  and  (46a),  for  calcu- 
lating the  effects  of  the  ^locity  of  approach  to  orifices 
and  weirs,  and  the  necessary  corrections  for  the  ratio 
of  the  channel  to  the  orifice  at  pages  86  to  114,  as  well 
as  Table  V.,  I  believe  to  be  original.  They  will  be 
found  of  much  value  in  determining  the  proper  coeffi- 
cients suited  to  various  ratios.  The  remarks  through- 
out Section  IV.  are  particularly  applicable  to  the 
proper  understanding  and  use  of  this  Table.  The 
hypothesis  from  which  formulae  (44),  (45),  and  (46)  are 
derived,  page  96  and  97,  and  from  which  Table  V.  is 
calculated,  was  firamed  for  the  purpose  of  giving  prac- 
tical results  when  the  orifice  a  approximates,  in  size, 
to  the  channel  c.  They  are  less  than  those  derivable 
from  formulffi  (44a),  (45a,),  and  (46a),  which  give,  for 
every  value  of  the  coefficient  c^,  infinite  results,  when 
a  =  c ;  and  results  much  too  large  in  practice  as  the 
values  of  a  and  c  approximate.    As  the  values  of  the 
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coefficients  for  (45a)  and  (46aJ  can  be  immediately 
deduced  from  the  last  two  columns  of  that  Table,  by 
using  the  values  therein  given,  for  the  ratio  of  the 
channel  to  the  orifice,  as  multipliers,  for  any  primary 
coefficient  c^,  as  pointed  out  in  the  text,  the  resulting 
or  SECONDARY  Coefficients  for  both  sets  of  formula  can 
be  compared  with  much  advantage. 

Table  VII.  of  surface  and  mean  velocities  will  be- 
found  to  vary  from  those  generally  in  use,  and  to  be 
much  more  correct,  and  better  suited  for  practical 
purposes,  particularly  when  applied  to  finding  the 
mean  velocities  in  rivers. 

The  Tables  at  pages  270  and  27X  being  for  a  mean 
width  of  100  feet,  wiU  be  found  perhaps  more  generaUy 
applicable  to  river  channels  than  Tables  XI.  and  XII.  ^ 
for  a  mean  width  of  70  feet.  The  Tables  at  pages 
28,  29,  146,  and  199  give  similar  results  for  long  and 
short  cylindrical  pipes.  The  formula  (119a),  page  230, 
for  finding  the  velocity  in  pipes  and  rivers,  is  general 
in  its  practical  application. 

The  loss  of  head  from  friction  in  a  uniform  water 

—  I  X  —  in  which  the  value  of  m 
•m  I       r 

for  feet  measures  may  be  taken  from  the  Table,  page 

281,  with  reference  to  the  velocity  v.     The  loss  is 

therefore  directly  as  the  length  of  the  channel,  directly 

as  I  —  ) ,  and  inversely  as  the  hydraulic  mean  depth 
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— ^which  is  one-fourth  of  the  diameter  for  a  cylindrical 
pipe.  I  have  known  an  engineer  of  considerable 
practice  take  it  as  proportionate  to  the  inner  surface 
of  a  pipe,  which  was  only  correct  when  the  diameter 
remained  constant. 

The  Statistics  of  rain-fall,  and  of  catchment-basins 
have  not  yet  received  the  full  attention  which  the  sub- 
jects deserve.  The  distribution  of  rain  gauges  with 
reference  to  elevation,  contour,. temperature,  and  iso- 
thermal lines  has  not  been  sufficiently  attended  to.. 
The  connexion  of  the  rain-fall  with  the  discharge  gene- 
rally, for  the  whole  catchment,  for  the  tributary  catch- 
ments, and  their  sub-catchments,  at  the  sea  in  the 
middle  districts  and  at  the  sources,  noting  the  geology, 
must  be  observed  for  several  years  before  the  questions 
of  supply,  discharge,  absor][)tion,  and  evaporation  in, 
any  climate  can  be  answered.  The  maximum  and 
minimum  discharges  in  each  year  and  series  of  years 
must  be  observed,  as  well  as  the  average  mean  dis- 
charges, and  the  maximums  and  minimums  of  these 
also,  before  the  physical  connexion  of  climate  and 
catchment  can  be  correctly  ascertained,  and  the  engi- 
neer furnished  with  reliable  data.  Heretofore  obser- 
vations, even  when  of  the  best,  have  been  partial  or 
limited,  and  a  wide  field  is  here  yet  open  to  competent 
physicists  in  connexion  with  our  drainage  works.  Mr.. 
S}Tnons  is  now,  however,  reducing  the  rain-fall  in 
Great  Britain  and  Ireland  to  a  scientific  form. 
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The  general  items  of  cost  given  in  Section  XIII. 
will  be  found  of  use ;  they  are  intended,  however, 
more  as  guided  than  as  standards  for  estimating  other 
works,  the  cost  of  which  must  depend  on  their  own 
circumstances.  Those  who  have  practical  experience 
of  the  differences  between  estimates,  cost,  and  value, 
and  how  they  are  affected  by  changes  of  time,  locality, 
quality,  and  quantity,  will  estimate  for  themselves  in 
detail;  but  the  discrepancies  between  estimates  and 
cost,  even  under  the  same  circumstances,  are  too  well 
known  to  call  for  any  remarks  here. 

A  few  words  about  my  publishers.  The  Messrs. 
Lockwood  and  Co.  having  purchased  the  copyright  of 
the  work,  decided  on  adopting  for  this  edition  a  more 
convenient  size  for  the  engineer  and  student  than  that 
of  the  last  edition;  but  printed  on  paper  as  good, 
and  with  type  fully  as  clear.  I  have  reason  to  be 
satisfied  with  the  manner  in  which  the  work  is  again 
brought  out  and  published,  and  wish  them  a  full  return. 
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SEC5TI0N  I. 

APPLICATION  AND   USE   OF  THE   TABLES,  AND  FORMULA. 

To  find  the  velocity  of  a  falling  body  from  the  height 
faUeUy  or  the  height  faUen  from  the  velocity. 

Rule. — ^Multiply  the  square  root  of  the  height 
IN  inches  by  27'8,  and  the  product  will  be  the 

VELOdTY  IN  INCHES.*  To  FIND  THE  HEIGHT  FROM  THE 
VELOCITY,  SQUARE  THE  VELOCITY  IN  INCHES  AND  DIVIDE 
THE   SQUARE  BY  772*84,   THE   QUOTIENT   WILL  BE    THE 

HEIGHT  IN  INCHES.  See  equation  (1).  Table  II., 
colnmn  1,  will  give  the  velocity  from  the  height,  found 
in  the  column  of  **  altitudes,"  or  the  height  from  the 
velocity,  directly. 

Example  1. — What  is  the  velocity  acquired  by  a 
heavy  body  falling  ^th  of  an  inch? 

In  the  Table  opposite  to  |th  of  an  inch,  found  in 
the  column  headed  "  altitudes  A,"  is  found  9-829  in 

*  The  square  root  of  the  height  in  feet  multiplied  by  8*025  gives  the 

(^      velocity  per  second  in  feet ;  and  the  square  of  the  velocity  in  feet 

\J/     divided  by  64*4  will  give  the  height  in  feet    The  decimals  may  be 

omitted  in  applications  for  engineering  practice,  and  the  multiplier  8 

and  divisor  64  only  used. 
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column  1,  for  the  required  velocity,  in  inches  per 
second. 

Example  2. — What  is  the  velocity  acquired  by  a  faJl 
of  11  feet  Q  inches  ? 

Opposite  to  11  feet  3  inches,  as  before,  is  found 
823'007  inches,  for  the  velocity  required. 

Example  8. — What  height  must  a  heavy  body  fail 
through  to  o/cquire  a  velocity  of  4!^  feet  per  second} 

Here  4Q\  feet  is  equal  486  inches,  opposite  the 
nearest  number  to  which,  found  in  column  1,  is  found 
25  feet  6  inches  for  the  required  fall.  In  this  example, 
the  nearest  number  to  486  found  in  the  Table  is 
486"801.  The  diflFerence  "SOI  corresponds,  verynearly, 
to  f  ths  of  an  inch  in  altitude,  and,  therefore,  the  true 
head  according  to  the  rule  would  be  25'  5^'^ ;  but  for 
all  practical  purposes  the  difference  is  inmiaterial. 

By  means  of  Table  II.,  directly,  or  by  simple 
interpolation,  the  velocity  due  to  all  heights  from  yf^^ 
part  of  an  inch  up  to  40  feet,  can  be  found,  and  the 
heights  from  the  velocities.  For  a  greater  height  than 
40  feet  it  may  be  divided  by  4,  9,  or  some  square 
number,  n^,  and  the  velocity  found  for  the  quotient, 
from  the  Table,  multiplied  by  2,  8,  or  n,  the  square 
root  of  the  divisor,  will  give  the  velocity  required. 

Example  4. — What  is  the  velocity  acquired  by  a  faU 
of  45  feet? 

—  =  11'  8'^  the  velocity  corresponding  to  which, 

found  from  the  Table,  is  323-007.    Hence,  328-007 

X  V4  =  328-007  X  2  =  646''-014  =  68'  10''014  is 
the  velocity  per  second  required.  The  reverse  of  this 
example  is  equally  simple. 
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Columns  8,  4,  5,  6,  7,  8,  9, 10,  11,  and  12  in  the 

Table,  give  the  values  of  '^^gh  multiplied  by  the 
coefficients  therein  stated.  These  columns  will  be 
found  of  great  practical  use  in  finding  the  mean 
velocities  in  the  vena-contracta,  in  the  orifice,  and  in 
short  tubes;  and  consequently,  also,  in  finding  the 
mechanical  force,  as  well  as  the  discharge.  An 
examination  of  the  coefficients  in  the  small  Tables  in 
Section  HE.,  and  also  of  those  in  Tables  I.  and  V., 
at  the  end  of  the  work,  will  show  how  much  they  vary ; 
but  those  most  generally  useful,  and  their  products  by 
the  theoretical  velocity  due  to  different  heads,  up  to  40 
feet,  are  given  in  the  columns  referred  to. 

Example  6. — What  is  the  discharge  from  an  orifice 
4  inches  hy  8  inches,  the  centre  sunk  20  feet  below  the 
surface  of  a  reservoir  ? 

From  Table  II.,  is  found  480*676  inches  equal 
85*89  feet  for  the  theoretical  velocity  of  discharge : 

hence,      ^^     x  85-89  =  g   x  85-89  =  7'976  cubic 

feet  per  second  is  the  theoretical  discharge.  If  the 
discharge  takes  place  through  a  thin  plate,  or  if  the 
inner  arrises  next  the  water  in  the  reservoir  be  per- 
fectly square,  and  the  water  in  flowing  out  does  not 
fill  the  passage  so  as  to  convert  the  orifice  into  a  short 
tube,  the  coefficient  is  found  from  Table  I.  to  b^ 
•608.  The  true  discharge  then  is  7*976  x  -608  = 
4*809  cubic  feet  per  second. 

For  the  determination  of  the  coefficient  suited  to 
any  particular  orifice,  and  the  circumstances  of  its 
position,  the  reader  must  refer  generally  to  the  follow- 
ing pages.    If  in  the  example  just  given,  the  arrises 

B  2 
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next  the  reservoir  were  rounded  into  the  form  of  the 
contracted  vein,  see  Fig.  4,  the  coefficient  would 
increase  from  '608  to  '974  or  '956,  for  a  passage  not 
exceeding  a  couple  of  feet  in  length.  With  the 
former  the  discharge  would  he  7*976  X  '974  =  7*769 
cuhic  feet,  and  with  the  latter  7*976  x  '956  =  7*625 
cuhic  feet.  The  latter  results  may  be  found  other- 
wise from  Table  U.  With  a  head  of  20  feet  and  the 
coefficient  '974,  the  velocity  is  419'48  inches  =  84'957 

2 

feet;    hence,   the   discharge  is  g   x  34-957  =  7*768 

cubic  feet.    With  a  coefficient  of  '956,  the  velocity  is 

411'78  inches  =  84-31  feet,  and  |   x  84-31  =  7*624, 

cubic  feet.  These  results  are  the  same,  practically, 
as  those  previously  found. 

If  the  inner  arrises  be  square,  and  the  passage  out 
be  from  18  inches  to  2  feet  long,  the  orifice  will  be 
converted  into  a  short  tube,  the  coefficient  for  which 
is  '815.  With  this  coefficient,  and  a  head  of  20  feet, 
find  as  before,  from  Table  II.,  the  mean  velocity 
of  discharge  851  inches   =  29*25  feet;   hence,  the 

2 

discharge  now  is    g    x   29*25  ■=  6*5  cubic  feet  per 

second. 

,  The  velocities  in  inches  per  second,  given  in  Tables 
II.  and  YUL,  or  elsewhere  in  the  foUovnng  pages,  may 
be  converted  into  velocities  in  feet  per  minute,  by  rnuUi^ 

plying  by  5;  equal  jg- 

Example  6. — The  discharge  from  a  smaU  orifice 
having  its  centre  placed  10  feet  below  the  surface  of  a 
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reservoir  is  18  feet  per  minute^  what  wiU  he  the  discharge 
from  the  same  orifice  at  a  depth  of  VI  feet  ? 

The  discharges  will  be  to  each  other  as  VlO  :  Vl7, 
or  as  1  :  VV7 ;  or,  from  Table  III.,  as  1  :  1-3088, 
whence  the  discharge  sought  is  equal  1'8088  x  18  = 
28-4684  cubic  feet. 

Example  7. — What  is  ike  value  of  the  expression 
Cd  -J  1  H — i^^ ^   \    *^  equation  (46),  when  c^  =  '617, 

and  9fi  =  2  ? 

„  c»d '617^      _   '3807  _  ._^ 

^ere  ^s  _  ^2^  -  4  _  .gl72  -  8-6198  ""  '^^^^'' 

whence  the  first  expression  becomes  equal  to  '617 

(1-1052)*  equal,  from  Table  IH.,  -617  x  1-0518  = 
-649,  the  value  sought.  Table  V.  contains  the  values 
of  this  expression  for  various  values  of  c^  and  m, 
which  latter,  m,  stands  for  the  ratio  of  the  channel  to 
an  orifice ;  and  then  immediately  find  from  it,  opposite 
2  in  the  first  column,  and  under  the  coefficient  '617 
in  the  sixth  column,  *649  the  value  sought.  When 
the  head  due  to  the  pressure,  and  to  tibe  velocity 
of  approach,  are  both  known,  we  can  determine  the 
new  coefficient  of  discharge  by  the  above  expression, 
and  thence  the  discharge  itself.  The  coefficient 
suited  to  the  velocity  of  approach  may  however  be 
found  directly  in  Table  Y.  The  usual  methods  for 
finding  the  effects  of  the  velocity  of  approach,  given 
by  d'Aubuisson  and  others,  are  incorrect  in  principle, 
see  Section  IV. 

Example  8. — What  is  the  discharge  from  an  orifice 
17  inches  long  and  9  inches  deep,  having  the  upper 
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edge  placed  4  inches  below  the  surface,  and  the  lower 

edge  13  inches  ? 

2  / 

The  expression  for  the  discharge  is  «  x  a  v  2  g  d 

^  ^*  ((^  ■*■  sf  ""  iif]  ®^^*^^^  (*^)*  ^  ^^^^  ^^^ 

d  =  9  inches ;   At  =  4  inches ;    a  =  17  x  9  =  153 
square  inches ;  and   V2  jf  d,  found  from  Table  II.  = 

83'4  inches.      Also,  ~  =  '444,  and  hence  the  value  of 

d 

(1-444)1  -  (-444)*  =  (from  Table  IV.)  1-44. 
Assuming  the  coefficient  of  discharge  to  be  '617,  then 
the  discharge  in  cubic  inches  per  second  is  equal  to 

I-  X  153  X  83-4  X  -617  x  1-44  = 
o 

I  X  12760-2  X  -88848  =  7668. 
3 

Consequently,  ^         =  4*374  is  the  discharge  in  cubic 

feet  per  second.    From  equation  (6.),  the  discharge  is 
equal  to 

%  X  -617  X  27-8  X  17  x  {135  -  4*} 
3 

But  13^  -  4*  =  46-872  -  8,  from  Table  IV.,  equal 
to  38*872,  whence  the  discharge  is 

%  X  -617  X  27-8  X  17  X  38*872  =  11-4361  x  17  x 

o 

38*872  =  194-3967   x  38-872  =  7567  cubic  inches 

=  4*374  cubic  feet,  the  same  as  before. 

It  is  shown,  equation  (31),  that  by  using  the  mean 
depth  for  orifices  near  the  surface,  the  discharge 
will  approximate  very  closely  to  the  true  discharge, 
And  that  even  for  weirs  the  error  will  not  exceed 
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6  per  cent.  The  discharge  is  then  expressed  by 
•617  V  "2  flf  X  8i  X  9  X  17  =  (from  Table  II.) 
50-01  X  158  =  7651-53  cubic  inches  =  4-427  cubic 
feet  per  second.  The  head  to  the  centre  of  the  orifice 
is  here  8^  inches,  and  the  depth  of  the  orifice  9  inches, 
therefore,  in  equation  (81),  h  =^  d  yerj  nearly ;  and^ 
therefore,  this  result  must  be  multiplied  by  '989,  as 
shown  in  that  equation ;  then  *989  x  4*427  =  4*878 
cubic  feet,  which  gives  a  result  differing  from  those 
otherwise  found,  by  a  very  small  quantity,  which, 
practically,  is  of  no  value.  By  means  of  Table  YI. 
the  discharge  from  rectangular  orifices  near  the  surface 
can  be  found  with  very  great  facility. 

The  discharge  from  a/n  orifice  near  the  eurface  may 
always  be  found  with  sufficient  accuracy,  for  practical 
purposes,  by  measuring  the  head  to  the  centre,  in  the 
sam£  manner  as  if  the  orifice  were  sunk  to  a  consider- 
able depth;  then  by  applying  the  corrections  given  in 
equaiion  (81) ;  or  if  the  orifice  be  circular,  those  given 
in  equation  (28);  suffi^nent  accuracy,  axicording  to  the 
correct  formula,  is  obtainable. 

Example  9. — What  is  the  discharge  from  a  circular 
orifice  4  inches  in  diameter,  having  its  centre  placed  4 
inches  below  the  surface,  when  the  coefficient  of  discharge 
M  -617  ? 

The  area  of  the  orifice  is  4  x  4  x  '7864  =  12*566 
square  inches.  The  velocity  in  the  orifice  at  the  mean 
depth  of  4  inches,  with  a  coefficient  of  '617,  is  84*81 
inches,  whence  the  discharge  is  12*666  x  84'81  = 
481*189  cubic  inches  =  '2496  cubic  feet  per  second, 
or  14*97  cubic  feet  per  minute.  By  means  of  Table 
IX.  the  discharge  in  cubic  feet  per  minute  can  be 
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found  very  readily  when  the  velocity  (Si'Sl  inches  per 
second)  is  known.    Thus, 

Inches.  Cnbic  feet. 

For  a  velocity  of    80*00  the  discharge  is    13*089 

400  ,.        „  1-746 

,»  „  -80  „        „  0181 

•01  „        „  0004 


if  »»  W»  WX  yi  yy 


84*81  y,  yy  14*969 

By  applying  the  coefficient  found  from  equation 
(28),  which  is  '992,  when  the  depth  at  the  centre  is 
twice  the  radius,  as  it  is  in  this  example,  *992  x  14*97 
=  14*85  is  found  for  the  correct  discharge  in  cubic 
feet  per  minute.  Here  the  difference  in  the  results  is 
only  1  in  125. 

The  application  of  Table  YI.  enables  us  to  find 
the  discharge  from  rectangular  orifices  near  the  surface 
very  quickly.  Besuming  ''Example  8/'  the  discharge 
may  be  found  from  this  Table  for  each  foot  in  length 
of  the  orifice,  as  follows.  The  discharge  in  cubic  feet 
per  minute,  when  the  coefficient  is  *617  for  a  notch  1 
foot  long  and  13  inches  deep,  is  223*823 ;  and  for  a 
notch  of  4  inches  deep,  88*116 ;  therefore,  the  dis- 
charge from  an  orifice  9  inches  deep,  with  the  upper 
edge  4  inches  below  the  surface,  is  223*828  —  88*116 
=  185*207  cubic  feet  per  minute.  But  as  the  length 
of  the  orifice  is  17  inches,  this  must  be  multiplied  by 

17 

jHy  <uid  the  product  262*877  is  the  discharge  in  cubic 

feet  per  minute ;  this  is  equal  to  a  discharge  of  4*873 
cubic  feet  per  second,  and  agrees  with  that  before 
found.  This  is  the  simplest  way  of  finding  the  dis-- 
charge  from  rectangular  orifices  near  the  surface. 
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Example  10. — What  is  the  discharge  in  cubic  feet 
per  minute,  from  an  orifice  2  feet  6  inches  long  and  7 
inches  deep,  the  upper  edge  being  8  inches  below  the 
surface,  and  the  coefficient  of  discharge  '628  ? 

From  Table  YI.  the  discharge  from  a  notch  1  foot 
long  and  10  inches  deep  is  found  to  be  158*858,  and 
for  a  notch  8  inches  deep,  26*199.  The  difference,  or 
128*154,  multiplied  by  2^,  will  be  the  discharge 
required;  viz.  2J  x  128*154  =  820*886  cubic  feet 
per  minute. 

Example  11. — The  size  of  a  channel  is  2*75  times 
the  size  of  an  orifice,  what  is  the  coejficient  of  discharge 
when  that  for  a  very  large  channel  in  proportion  to  the 
orifice  is  "628  ? 

From  Table  V.  the  coefficient  is  found  to  be  *646^ 
when  the  approaching  water  suffers  full  contraction* 
By  attending  to  the  auxiliary  Tables  in  the  text,  we  find 

for  this  case,  -?- 1  =  -o:^  =  •86.  Hence,  there- 
fore, multiply  2*75  by  '857,  which  gives  2*86  for  the  ratio 
of  the  mean  velocities  in  the  orifice  and  in  the  channel 
approaching  it.  With  this  new  value  of  the  ratio  of 
the  channel  to  the  orifice,  find,  as  before,  the  value  of 
the  coefficient  from  Table  V.  which  is  *651.  The 
remarks  throughout  the  work,  with  the  auxiliary  tables^ 
will  be  found  of  much  use  in  determining  the  coeffi* 
cients  for  different  ratios  of  the  channel  to  the  orifice, 
notch,  or  weir,  and  the  corrections  suited  to  each.  If 
in  this  example,— other  things  being  the  same, — the 
alteration  in  the  coefficient  for  a  notch,  or  weir,  had  to 
be  considered,  it  would  be  found  from  the  Table,, 
column  4,  to  be  '672  instead  of  *645  found  in  column 
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8,  for  an  orifice  sunk  some  depth  below  the  surface. 
For  the  corrections  suited  to  mean  and  central  velocity, 
and  to  the  nature  of  the  approaches,  they  may  be 
found  in  the  body  of  this  work  and  in  the  auxiliary 
tables  at  the  end  of  Section  IV. 

Example  12. — What  is  the  discharge  over  a  weir  50 
feet  long ;  the  circumstances  of  the  overfall^  crest,  and 
approaches,  being  such  that  the  coefficient  of  discharge 
is  '617,  when  the  head  measured  from  the  water  in  the 
weir  basin,  6  feet  above  the  crest,  is  17^^  inches  ? 

Table  VI.  gives  the  discharge  in  cubic  feet  per 
minute,  over  each  foot  in  length  of  weir,  for  various 
depths  up  to  6  feet.  It  is  divided  into  two  parts ;  the 
first  for  "  greater  coefficients,"  viz.  '667  to  "617  ;  and 
the  second  for  "lesser  coefficients,'*  viz.  "606  to  '518. 
The  coefficient  assumed  being  '617,  the  discharge  over 
1  foot  in  length,  with  a  head  of  17^  inches,  is  found 
to  be  348-799  cubic  feet  per  minute;  hence  the 
required  discharge  is  50  x  848-799  =  17489'95  cubic 
feet. 

The  determination  of  the  coefficient  suited  to  the 
circumstances  of  the  overfall,  crest,  approaches,  and 
approaching  section,  will  be  found  discussed  elsewhere 
through  this  work.  The  valuable  Table  derived  from 
Mr.  Blackwell's  experiments  will  also  be  of  use ;  but 
the  heads  being  taken  at  a  much  greater  distance  back 
from  the  crest  than  is  generally  usual,  the  coefficients 
taken  from  it  for  heads  greater  than  5  or  6  inches,  will  be 
found  less  than  the  time  ones  for  heads  measured  imme- 
diately at  or  about  6  feet,  above  the  crest.  For  heads 
measured  on  the  crest,  the  small  Table  of  coefficients  in 
Section  III.,  applicable  to  the  purpose,  will  be  of  use. 
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Example  18. — What  is  the  mean  velocity  in  a  large 
channel,  when  the  ma^mum  velocity  along  the  central 
line  of  the  surface  is  81  inches  'per  second  ? 

Table  VII.  gives  25*89  inches  for  the  required 
velocityy  and  for  smaller  channels  24'86  inches.  In 
order  to  find  the  mean  velocity  at  the  surface  from  the 
maximum  central  velocity,  the  latter  must  be  multiplied 
by  -914. 

The  velocity  at  the  surface  is  best  found  by  means 
of  a  floating  hollow  ball,  which  just  rises  out  of  the 
water.  The  velocity  at  a  given  depth  is  best  found  by 
means  of  two  hollow  balls  connected  with  a  link,  the 
lower  being  made  heavier  than  the  upper,  and  both  so 
weighted  by  the  admission  of  a  certain  quantity  of 
water  that  they  shall  float  along  the  current,  the  upper 
one  being  in  advance  but  nearly  vertical  over  the  other. 
The  velocity  of  both  will  then  be  the  velocity  at  half 
the  depth  between  them.  The  velocity  at  the  surface, 
found  by  means  of  a  single  ball,  being  also  found,  the 
velocity  lost  at  the  half  depth  is  had  by  subtracting  the 
common  velocity  due  to  the  linked  balls  from  that  of 
the  single  ball  at  the  surface.  The  velocity  at  any 
given  depth  is  then  easily  found  by  a  simple  proportion ; 
but  the  result  will  be  most  accurate  when  the  given 
depth  is  nearly  half  the  distance  between  the  balls, 
which  distance  can  never  exceed  the  depth  of  the 
channel.  Pitofs  tvie,  Woltmann^s  tachometer,  the 
hydrometiic  pendulum,  the  rheometer,  and  several  other 
hydrometers,  have  been  used  for  finding  the  velocity ; 
but  these  instruments  require  certain  corrections  suited 
to  each  separate  instrument,  as  well  as  each  kind  of 
instrument,   and  are  not  so  correct  or  simple,  for 
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for  measuring  the  velocity  in  open  channels,  as  a  ball 
and  linked  balls.  In  general  the  surface  maximum 
Telocity  can  be  found  by  throwing  in  a  rag- weed,  or 
some  other  plant,  and  observing  the  time  it  is  carried 
over  a  given  distance,  say  from  80  to  100  feet  or  more^ 
according  to  the  circumstances  of  the  channel;  and 
multiplying  the,  velocity  so  found  by  '88  to  find  the 
mean  velocity.  If  the  velocity  at  the  surface  be  taken 
at  several  sections^  between  the  centre  and  the  banks, 
the  multiplier  should  be  increased  to  *91. 

Example  14. — What  is  the  discharge  from  a  river 
having  a  surface  inclination  of  18  inches  per  mile,  or 
1  in  3520,  40  feet  wide,  with  nearly  vertical  banks,  and 
3  feet  deep  ? 

The  area  is  40  x  8  =  120  feet,  and  the  border 
40  +  2  X  8  =  46  feet ;  therefore  the  hydraulic  mean 

depth  is  ^^  =  2-61  feet  =  2  feet  7-8  inches.*   With 
^  46 

this  and  the  inclination  we  find  from  Table  YUI. 

28-27  +  2-75  x    —  =  28*87  inches  per  second  = 

6 

28*87  X  6  =  144*85  feet  per  minute  for  the  mean 

velocity;  hence  144"36  x  120  =  17,822  cubic  feet  per 

minute  is  the  required  discharge.     For  channels  with 

sloping  banks  divide  the  border,  which  is  always  known, 

into  the  area  for  the  hydraulic  mean  depth,  with  which, 

and  the  surface  inclination,  find  the  velocity  by  Table 

YIU.,  and  thence  the  discharge.     Unless  the  banks  of 

*  For  greater  hydranlic  depths  than  144  inches,  the  extent  of  the 
Table,  divide  by  9,  and  find  the  corresponding  velocity.  This  mnlti- 
plied  by  8  will  be  the  velocity  sought  Or  divide  by  4  and  multiply 
by  2. 
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rivers  be  protected  by  stone  payement  or  otherwise, 
the  slopes  will  not  continue  permanent ;  it  is  therefore 
almost  useless  to  give  the  discharges  for  channels  of 
particular  widths  and  slide  slopes.  When  the  mean 
velocity  is  once  known,  the  remaining  calculations  are 
those  of  mere  mensuration,  and  they  should  be  made 
separately.  This  example  may  also  be  solved,  prac- 
tically, by  means  of  Tables  XI.  and  XII.  A  channel 
40  X  8  has  the  same  conveying  power  as  one  70  x  2, 
Table  XI.,  which  latter,  Table  XII.  discharges  with 
a  fall  of  18  inches  in  the  mile,  17,167  feet ;  or  about 
one  per  cent,  less  than  that  previously  found. 

Example  15. — The  diameter  of  a  very  long  pipe  is 
1\  inch 9  and  the  rate  of  inclination,  or  whole  length  of 
the  pipe  divided  by  the  whole  fall,  is  lin  71^ ;  what  is 
the  discharge  in  cubic  feet  per  minute  ? 

The   hydraulic  mean    depth,   or  mean  radius,   is 

1'5  8 

-_-    =   "876  inch  =  ~  inch.       Consequently     from 

4  8 

Table  Vlll.  the  velocity  in  inches  per  second  is  equal 

to  25-09  -  1-92  X   1?  =  26-09  -  -29  =  24-80.    The 

10 

discharge  in  cubic  feet  per  minute  for  a  1^-inch  pipe 

is  now  found  most  readily  by  means  of  Table  IX.,  as 

follows : — 

Inches.  Cubic  feet. 

For  a  Telocity  of    20 '0    the  diacliaige  is    1*227 
*>  ff         4-0         „  „  -245 

19  99  '8  ,,  „  '049 

9,        24-8         „  „        1-521 

yrhence  the  discharge  in  cubic  feet  per  minute  is 
1-621. 


14  THE  DISCHAROE  OF  WATER  FROM 

For  short  pipes^  of  100  or  200  feet  in  length,  and 
under,  the  height  due  to  the  velocity  and  orifice  of 
entry  must  he  deducted  from  the  whole  height  to  find 
the  proper  hydraulic  inclination,  and  also  the  height 
due  to  bends,  curves,  cocks,  slides,  and  erogation. 
The  neglect  of  these  corrections  has  led  some  writers 
into  mistakes  in  applying  certain  formuLe,  and  in 
testing  them  by  experimental  results  obtained  with 
short  pipes.  The  Tables  shall  now  be  appUed  to  the 
determination  of  the  discharge  from  short  pipes,  and 
the  results  compared  with  experiment,  referring 
generally  to  equation  (153  a)  and  the  remarks  preceding 
it  for  a  correct  and  direct  solution. 

Example  16. — What  is  the  discharge  in  cubic  feet  per 
mintUefrom  a  pipe  100  feet  long,  with  a  fall  or  head  of 
85  inches  to  the  lower  end,  when  the  diameter  is  1^  inch? 
Find  also  the  discharge  from  pipes  80  feet,  60  feet,  40 
feet,  and  20  feet,  of  the  same  diameter  and  having  the 
same  head. 

If  the  water  be  admitted  by  a  stop-cock  at  the  upper 
end,  the  coefficient  due  to  the  orifice  of  entry  will 
probably  be  about  '75  or  less,  *815  being  that  for  a 
clear  entry  to  a  short  cylindrical  tube.  The  approxi- 
mate inclination  is -^ =  1  in  84*8 ;  but  as  a 

portion  of  the  fall  must  be  absorbed  by  the  velocity 
and  orifice  of  entry,  it  may  be  assumed  for  the  present 
that  the  inclination  is  1  in  85.     With  this  inclination 

and  the  mean  radius  --  =  ;?  inch,  we  find  the  mean 

4       8 

velocity  firom  Table  VIII.  to  be  88*06  inches.    Now 

when  the  coefficient  due  to  the  orifice  of  entry  and 
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Telocity  is  *75y  from  Table  II.  the  head  due  to  this  velo- 
city is  8f  inches  nearly,  whence  85^3f  =  81f  =  81*625 

inches  is  the  height  due  to  friction,  and  — 

ol'u^o 

equals  1  in  87*9,  the  inclination,  very  nearly.    With 

this  new  inclination  find,  as  before,  from  Table  YIII. 

the  mean  velocity  of  discharge  which  is  now  86*85 

inches ;  and  by  repeating  the  operation  the  velocity  to 

any  degree  of  accuracy  is  found  in  accordance  with  the 

table ;  and  the  shorter  the  pipe  is,  the  oftener  must  it 

be  repeated*     The  height  due  to  86'85  inches  taken 

from  Table  II.  as  before,  with  a  coefficient  of  '750, 

is  8^  =  8' 125  inches.    The  corrected  fall  due  to  the 

1200 
friction  is  now  36  —  8*126  =  81"876,  and  -    ^„^  equal 

81*876    ^ 

1    in   87*6,  the    corrected    inclination.      With    this 

inclination  the  corrected  velocity  is  now  86*68  inches 

per  second.    It  is  not  necessary  to  repeat  this  operation 

again.     The  discharge  determined  from  Table  IX.  is 

as  follows : — 

Inches.  Cable  feet. 

For  ft  velocity  of    8000    the  dischazge  is    1*841 

'868 
•081 
•002 

„  „        36-53  „  „        2-242 

The  experimental  discharge  found  by  Mr.  Provis  was 
2'264  cubic  feet  per  minute  in  one  experiment,  and 
2*286  in  another.  The  discharge  from  the  shorter 
pipes  may  be  found  in  a  similar  manner,  and  the 
results  placed  alongside  the  experimental  ones  given 
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in  the  work  referred  to  below  *  are  inserted  in  the  fol- 
lowing short  table : — 

SXFERIMEICTAL  ANB  CALCULATED  DI8CHABGER  FBOH  SHORT  PIPES. 


100 
80 
60 
40 
20 


J3 
o 

3 


1 


85 
85 
85 
85 


2-275 
2*500 
2-874 
8-504 


85  4-528  78-801 


87  082 
40-750 
46-846 
57-115 


Is 


3 

Si 


3| 

8J 
5 

74 


81i 
8U 
80 
27i 


124.    I    224 


87-6 
80-8 
24-0 
17-5 
10-7 


If 


86-58 
41-18 
48-02 
58-50 
78-61 


It 

3l 


2-242 
2-521 
2-946 
8-590 

4-824 


The  velocities  in  the  fonrth  colmnn  have  been  cal- 
culated by  the  author  from  the  observed  quantities 
discharged,  from  which  the  height  due  to  the  orifice 
of  entry  and  velocity  in  column  5  is  determined,  and 
thence  the  quantities  in  the  other  columns  as  above 
shown.  The  differences  between  the  experimental 
and  calculated  results  are  not  large,  and  had  a  lesser 
coefficient  than  *750  been  used  for  calculating  the 
reduction  of  head  due  to  the  velocity,  stop-cock,  and 
orifice  of  entry,  say  '715,  the  calculated  results,  and 

*  "  Transactions  of  the  Institntion  of  Civil  Engineers,"  vol.  ii. 
p.  203«  "  Experiments  on  the  Flow  of  Water  through  small  Pipes/' 
By  W.  A.  Provis.  The  small  Tables  in  Sections  VI.  and  VIII.  of  this 
edition  give  at  once  the  coefficient  to  be  multiplied  by  V  2  p  h, 
or  8V~H^  to  find  the  velocity  when  the  ratio  of  the  diameter  to  the 
length  of  the  pipe  is  known.  They  will  be  found  of  great  advantage 
in  calculating  directly  the  velocity  from  short  pipes.  For  long  pipes, 
see  the  Table  at  the  end  of  this  Section. 
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those  in  all  of  Mr.  Provis's  experiments  in  the  work 
referred  to,  would  be  nearly  identical.* 

Example  17. — It  is  ^proposed  to  supply  a  reservoir 
near  the  town  of  Drogheda  with  water  by  a  long  pipe, 
having  an  inclination  of  1  in  480,  the  daily  supply  to 
be  80,000  cubic  feet ;  what  must  the  diameter  of  the 
pipe  be  ? 

The  discharge  per  minute  must  be    ^'   ^     =   56  t 

1440 

cubic  feet,  nearly.      Assume  a  pipe  whose  "mean 

radius "  is  1  inch,   or  diameter  4  inches,   and  the 

velocity  per  second  found  from  Table  VIII.  will  be 

14*41  inches.     Then  from  Table  IX., 

Inchea.  Cubic  feet 

For  a  Telocity  of    10*00  a  discharge  of    4*368 

4*00  „            „       1-745 

•40  „            „         -175 

„            „            -01  „            „         -004 

„        H-41        „  „       6*287 

The  discharge  from  a  pipe  4  inches  in  diameter  would 
be  therefore  6'287  cubic  feet  per  minute.     Then 

4» :  di  : :  6-287  :  56,  or  1 :  dt : :  '196  :  56  : :  1  :  286 ; 

therefore  d*  =  286,  and  d  =  9*61  inches,  nearly,  as 
may  be  found  from  Table  XIII.,  &c.  This  is  nearly 
the  required  diameter.  It  is  to  be  observed  that  the 
diameters  thus  found  will  not  always  agree   exactly 

*  In  a  late  work,  '*  Researches  in  Hydraolics,"  the  author  is  led  into 
a  series  of  mistakes  as  to  the  accuracy  of  Du  Bu&t's  and  snyeral  other 
fonnnhe,  from  neglecting  to  take  into  consideration  the  head  due  to  the 
velocity  and  orifice  of  entry  when  testing  them  by  the  experiments 
abore  referred  to. — Second  Edition. 

t  "  Hydraulic  Tables,"  Weale,  1854,  give  at  once  this  dischaigo  for  a 
pipe  between  9  and  10  inches  in  diameter,  also  the  Table,  p.  28. 

o 
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with  those  found  from  Du  Boat's  or  other  formulsBy 
nor  with  each  other,  because  the  discharges  are  not 

strictly  as  rf» ;  but  in  practice  the  difference  is  imma- 
terial, and  the  approximatiye  value  thus  found  can  be 
easily  corrected.  If  a  pipe  whose  diameter  is  1,  were 
assumed,  the  operation  would  have  been  more  simple ; 
for  the  velocity  would  then  be.  Table  VIII.,  at  the 
given  inclination,  6*4  inches ;  and  the  discharge  "ITS 

cubic  feet,  Table  IX.    Hence  di  =  -^^   =  820,  and, 

•175 

therefore.  Table  XIII.,  eZ  =  10  inches  nearly,  which 

differs  about  half-an-inch  from  the  former  value,  9*6 

inches,  found  by  assuming  a  pipe  of   4  inches  to 

calculate  from.    It  is  necessary  to  imderstand  that 

different  results  must  be  expected,  in  working  from 

practical  formulae,  for   different  operations.      When 

once  an  approximate  value  is    obtained,  it  can  be 

easily  corrected  to  any  required  degree  of  accuracy. 

Again,  the  velocity  in  inches  per  second,  from  a 

cylindrical  pipe  6  inches  in  diameter ,  is  nearly  equal  to 

the  discharge  in  cubic  feet  per  minute ;    and  as  6*  = 

88-2,  then  88*2  :  d  :  :  the  velocity  in  inches  per 
second  from  a  6-inch  pipe  :  the  discharge  per  minute 
from  a  pipe  whose  diameter  is  d.  Hence  this  pro- 
position gives,  very  nearly,  the  discharge  from  the 
diameter  and  fall ;  or  the  diameter  from  the  discharge 
and  fall  by  finding  the  velocity  only,  due  to  a  6-inch 
pipe.     See  Tables  pp.  28  and  29. 

Example  18. — The  area  of  a  chcmnel  is  60  square 
feet,  and  the  border  20*6  feet ;  the  surface  has  an  in- 
clination of  4t  inches  in  a  mile;  what  is  the  mean 
velocity  of  discharged 
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^^  =  2-427  feet  =  29-124  inches  is  the  hydraulic 


20-6 
mean    depth;    and    from    Table    VIII.,    12-08  — 

1-30  X  -876 

g =    12-08   —   "19  =  11-84  mches  per 

second  is  the  required  velocity.  Though  this  velocity 
will  be  found  imder  the  true  value  for  straight  clear 
channels,  it  will  yet  be  more  correct  for  ordinary  river 
courses,  with  bends  and  turns,  of  the  dimensions 
given,  than  the  velocity  found  from  equation  (114.). 
For  a  straight  clear  channel  of  these  dimensions, 
Watt  found  the  mean  velocity  to  be  18-5  to  14  inches ; 
that  is  to  say,  17  at  top,  10  at  bottom,  and  14  in  the 

middle.      The  author's  formula  v  =   140  (r  s)^  — 

11  (r  «)»  gives  v  =  1-148  feet,  or  nearly  a  mean  of 
these  two. 

Example  19. — A  pipe  6  inches  in  diameter,  14,687 
feet  in  length,  has  a  fall  of  44  feet;  what  is  the  dis- 
charge  in  cubic  feet  per  minute  ? 

The  inclination  is  — 7-^  =  882-7,  and  mean  radius 

44 
5 

J  =  1  J.     Then  find  from  Table  VIII.  the  velocity 

which  is  equal  to  1981  +  '^^.p./^   =  19*81  +  '16 

=  19*97,  or  20  inches  per  second  very  nearly ;  and 

by  Table  IX.  the  discharge  in  cubic  feet  per  minute 

is,  as  before  foimd  to  be,  18*685.     The  Table,  p.  28, 

gives,  by  inspection,  18*6  feet. 

Example  20. — What  is  the  velocity  of  discharge  from 

a  pipe  or  culvert  ifeet  in  diameter,  having  a  fall  of 

1  faot  to  a  mile  ? 

0  2 


20 


TSE  DISCS ABOE  OF   WATER  FROM 


Here  s  = 


5280' 


and  r  =  1  foot.     Next  we  find 


the  velocity  of  discharge  from  Table  VIII.  which  is 
14*09  inches,  equal  to  1*174  feet  per  second.  By 
calculating  from  the  different  formulae  referred  to 
below,   the    velocities,    when  r  «  =  "0001894,    and 

\/7T=  "01876,  are  as  follows. 


Vdodt7 
tnfeet. 


Reduction  of  Da  Ba&t*8  formnls equation    (81.)  1*174 

Girard*8  do.  (Canals  with  aquatic 
plants  and  very  slow  velocities) 

Prony's  do.  (Canals) .... 

Prony'sfonnula  (Pipes).     .    . 

Prony's  do.  (Pipes  and  Canals) 

Eytelwein's  do.  (Bivers)      .    . 

Eytelwein's  do.  (Bivers).    •     . 

Eytelwein's  do.  (Pipes) .    .     . 

Eytelwein's  do.  (Pipes)  .     .     . 

Br.  Young's  do 

*D'Aubuisson's  do.  (Pipes)  .    « 
*D*Aabuis8on's  (Rivers)  .    .     . 

The  writer's  do.   (Clear  straight 
ChanneLs  with  small  velocities) 

Weisbach's  do.  (Pipes)  .... 

The  anthor^s,  for  Pipes  and  Rivers 


»• 


)i 


it 


if 


»i 


It 


ti 


>f 


t» 


ft 


fi 


)) 


It 


»i 


tt 


91 


ri 


«t 


»» 


I* 


tt 


tt 


tt 


tt 


>) 


r* 


(86. 

(88. 

(90. 

(92. 

(94. 

(96. 

(98. 

(99. 
(104. 
(109. 
(111. 

(114. 
(119. 


•521 
1-201 
1-267 
1-229 
1-200 
1-285 
1-S64 
1-850 
1-120 
1-259 
1-199 

1-268 
1-286 


ft 


9t 


(1  19a.)  1-296 


This  example  is  calculated  from  the  several  formulae 
above  referred  to,  whether  for  pipes  or  rivers,  in  order 
that  the  results  may  be  more  readily  compared.  The 
formula  from  which  the  velocities  and  tables  for  the 
discharges    of  rivers  are   usually   calculated   is,   for 

measures  in  feet,  v  =  94"17  '^  r  b.     This  gives  the 
mean  velocity,  for  the  foregoing  example,  equal  to 

*  These  two  fonnulie  of  D'Aubnisson's  are,  simply,  adoptions  of 
Eytelwein's  and  Prony's. 
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1'295  feet  per  second.  This  is  the  same  as  is  found 
from  the  author's  general  formula  for  all  velocities ; 
but  the  particular  expression,  v  =  99*17  \/  r  8,  is  only 
suited  for  velocities  of  about  16  inches  per  second ; 
the  results  found  from  it  for  lesser  velocities  are  too 
much,  and  for  higher  velocities  too  little,  if  bends  and 
curves  be  allowed  for  separately.  For  ordinary  practi- 
cal purposes  the  result  of  Du  Buat*8  general  formula, 
equation  (81),  may  be  safely  adopted;  and,  accord- 
ingly, the  results  in  Table  YIII.  calculated  for  the 
first  edition  from  it,  have  been  retained,  notwith- 
standing the  greater  accuracy  and  simplicity  of  the 
general  equation  (119  a)  for  the  velocity  in  pipes  and 

rivers,  viz.,  v  =  140  (r  «)^  —  11  (r  «)*. 

Dr.  Young's  formula  gives  lesser  results  for  rivers 
and  large  pipes  than  Du  Buat's,  but  they  are  too 
small  unless  when  the  curves  and  bends  are  numerous 
and  sudden.  Girard's  formula  (86.)  is  only  suited  for 
small  velocities  in  canals  containing  aquatic  plants, 
and  it  is  entirely  inapplicable  to  rivers  or  regular 
channels  for  conveyance  of  water.  A  knowledge  of 
various  formulas,  and  their  comparative  results,  applied 
to  any  particular  case,  will  be  foxmd  of  great  value  to 
the  hydrauUc  engineer,  and  the  differences  in  the 
results  show  only  an  amount  of  error  that  may  be 
expected  in  all  practical  operations,  and  which 
becomes  of  less  importance  when  it  is  considered  that 
by  increasing  the  dimensions  of  a  channel  every  way, 
by  only  one-third,  its  discharging  power  is  more  than 
doubled.     See  Table  Xin. 

Example   21. — Water  flowing  down  a  river  rises 
to  a  height  of  10|  inches  on  a  weir  62  feet  long ;  to 
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what  height  will  the  same  quantity  of  water  rise,  on 
a    weir    similarly    drcwmstanced^    120    feet     long  ? 

l||-= '617,  nearly. 

In  Table  X.  is  found,  by  inspection^  opposite  to 
*£17,  the  ratio  of  the  lengths,  the  coefficient  '644, 
rejecting  the  fourth  place  of  decimals ;  whence  10^ 
X '644 =6-76  inches,  the  height  required.  When  the 
height  is  given  in  inches  it  is  not  necessary  to  take 
out  the  coefficient  to  further  than  two  places  of  de- 
cimals. 

Example  22. — The  head  on  a  weir  220  feet  long 
is  6  inches ;  what  will  the  head  he  on  a  weir  60  feet 
long,  similarly  circumstanced,  the  same  quantity  of 
water  flowing  over  each  ? 

As  this  lies  between  '27  and  "28,  from  Table  X. 

the  coefficent  '4208  is  found;   hence   -,^^77;= 14*26 

•4208 

inches,  the  head  required. 

Table  X.  will  be  found  equally  applicable  in  finding 
the  head  above  the  pass  into  weir  basins,  and  above 
contracted  water  channels.     See  Section  X. 

Example  28. — A  river  channel  40  feet  wide  and 
4*5  feet  deep  is  to  be  altered  and  widened  to  70  feet ; 
what  must  the  depth  of  the  new  channel  he  so  that  the 
surface  inclination  and  discharge  shall  remain  un- 
altered ? 

In  "  Table  XI.,  of  equally  dischakginq  rectan- 
gular Channels,"  opposite  to  4*64,  in  the  column  of 
40  feet  widths,  8  is  found  in  the  column  of  70  feet 
widths,  which  is  the  depth  required  in  feet. 
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Example  24. — It  is  necessary  ta  unwater  a  river 
channel  70  feet  wide  and  1  foot  deep,  by  a  rectangular 
side  cut  10  feet  wide  ;  what  must  the  depth  of  the  side 
cut  bCf  the  surface  inclination  remaining  the  same  as  in 
the  old  channel  ? 

In  Table  XI.  is  found  4*5  feet  for  the  required 
depth.  When  the  width  of  a  channel  remains  con- 
stant, the  discharge  varies  as    \/rs   x  d,  in  which 

d  is  the  depth;  and  when  the  width  is  very  large  com* 
pared  with  the  depth,  the  hydraulic  mean  depth  r 
approximates  very  closely  to  the  depth  d,  and  there- 
fore d=r;  consequently  the  discharge  then  varies  as 

d*  X  s%  and  when  the  discharge  is  given  dP  must  vary 

inversely  as  ««;    or    more  generally  di^  must    vary 

inversely,  as  3%  when  the  width  and  discharge  remain 
constant. 

In  narrow  cuts  for  imwatering,  it  is  prudent  to 
make  the  depth  of  the  water  half  the  width  of  the 
cut  very  nearly,  when  local  circumstances  admit  of 
these  proportions ;  for  then  a  maximimi  effect  will  he 
obtained  with  the  least  possible  quantity  of  excava- 
tion; but  for  rivers  and  permanent  channels  the 
proper  relation  of  the  depth  to  the  width  must  be 
r^ulated  by  the  principles  referred  to  in  Section  IX. 

Table  XI.  is  equally  applicable,  whether  the  mea- 
sures be  taken  in  feet;  yards,  or  any  other  standards 
whatever. 

Example  25. — A  new  river  channel  is  to  have  a 
fall  of  eighteen  inches  in  a  mile,  and  must  discharge 
18,700  cubic  feet  per  minute ;  what  shaU  the  dimen- 
sums  be  ? 
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In  Table  XII.,  in  the  column  of  18  inches  per 
mile>  opposite  to  18,766,  it  is  seen  that  a  primary 
channel  70  x  2*126  will  he  sufficient ;  and  opposite  to 
2'125  in  Table  XI.  it  is  also  seen  the  equivalent 
rectangular  channels  60  X  2'87  ;  50  x  2*70 ;  40  x 
8-19;  85x8-52;  80x8-96;  25x4*61;  20x6-58; 
16x7-29;  and  10x11-87,  to  select  from.  If  the 
side  have  any  given  slopes,  the  discharge  will  not  be 
practically  affected  as  long  as  the  depth  and  area  of 
the  rectangular  channel  and  the  one  with  sloping 
baoks  remain  the  same.     See  Section  IX. 

Example  26. — A  pipe  100  feet  long  and  1  inch  in 
diameter  has  a  head  of  150  feet  over  the  lower  end, 
what  wiU  be  the  discharging  velocity  f 

Here  r= -020888  in  feet,  and  «=l-6,  therefore 
r«= -08125-    Hence    by  formulae    (119a)    t;=140x 

(-08125)^-11  X  (•08125)^=140  x  -1766  -  11  X  -815 
=  24-724  -  8-466  =  21-269  feet  per  second.  If 
allowance  is  required  for  the  orifice  of  entry,  the 
velocity  is  corrected  as  follows.  A  square  orifice  of 
entry  has  a  coefficient  of  *816.  The  head  due  to  this 
coefficient  for  a  velocity  of  about  20^  feet,  or  246 
inches,  is  about  10  feet.  Table  II. — The  head  due  to 
friction    is    therefore    150—10  =  140    feet,   and    s 

=^=1-4;  r  s  now  becomes  1-4  x  -020888= -02917. 

Hence  t;= 140  y/r  s  "H  y^  r  s  ^^^  becomes  140  X 
•171-11 X -808  nearly,  equal  to  28-940-8-888  = 
20*662  feet,  the  velocity  for  a  square  junction. 

Example  27. — A  sewer  9  feet  in  diameter  has  a 
fall  oj  2  feet  per  mile,  what  will  he  •  the  velocity  and 
discharge  of  water  flowing  through  it  whenfvJl  ? 
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Here  r=2'25  and«=2^,  therefore  r«=0008528, 

(r  «)i  =  -02919   and   (r  «)*  =  '0948 ;    and  by  formula 

(119a),  t?= 140  (r«)5-ll(r«)*=  140  X  -02919-11  X 
•0948=  4'0866  —  1-0428  =  3-0488  feet  per  second. 
Hence  the  discharge  per  minute  is  9"  x  "7854  X 
3-0438  X  60=68-62  x  182-6  =  11,617  cubic  feet 
nearly.  The  velocity  from  a  circular  pipe  or  sewer 
is  however  greatest  when  the  circumference  is  open 
for  about  78J  degrees  at  the  top,  but  the  velocity 
of  sewage  matter  would  not  be  equal  to  that  of 
water.  It  would  vary  according  to  the  dilution  in  the 
sewer,  and  60  per  cent,  should  be  allowed,  at  least, 
in  deduction,  unless  the  dilution  be  very  consi- 
derable. 

The  Table  for  the  values  o{  r  a  and  r,  calculated 
from  the  formula  (119  a)  Sec.  VIII.,  will  give  the 
velocity  at  once  when  r  «  is  known,  and  r  s  when 
the  velocity  is  known,  from  the  latter  of  which  a 
definite  value  of  r  or  8  can  be  fixed  upon,  when  the 
other  may  be  then  found,  by  an  operation  of  simple 
division. 

Example  28. — Water  is  to  he  pumped  through  a 
pipe  8000  feet  long  and  2  feet  in  diameter^  with 
a  velocity  not  exceeding  4  feet  per  second^  what  head 
must  be  allowed  extra  for  friction  in  the  pipe  when 
calculating  horse  power  9 

From  the  Table  of  the  values  of  the  velocity  and 
products  of  the  hydraulic  mean  depth  and  hydraulic 
inclination,  given  near  the  conclusion  of  Section  VIII., 
that  for  a  velocity  of  4  feet  per  second  r«= -00142. 
The  diameter  of  the  pipe  is  2  feet,  therefore  r='5. 
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whence  «=z!22|^= -00284,  and  as  the  length  of  the 

pipe  is  8000  feet  we  get  8000  x  '00284  =  8-52  feet, 
the  head  required.  The  Table  p.  29,  would  give  9-6 
feet  nearly,  which  corresponds  with  Du  Bu&t's  for- 
mula. If  the  velocity  in  the  pipe  were  10  feet  instead 
of  4  feet  per   second,  then  from    the    table,   r  « = 

•007576,    and   ^-£=,  ="?^?Z6^. 015152,  and there- 

fore,  ft=Zs=:8000  x  -015152  =45-456  feet,  or  about 
six  times  as  much  as  when  the  velocity  was  only  4 
feet  per  second.  The  great  loss  of  head  arising  from 
pumping  at  high  velocities,  from  friction  alone,  is 
therefore  apparent.  Were  the  velocity  double,  or  8 
feet  per  second,  the  head  would  be  80  feet  nearly,  or 
from  the  Table,  p.  29,  81-6  feet. 

For  velocities  of  about  2*1  feet  per  second,  t?,  is 
equal  to  100  V  r  «,  and  for  velocities  of  about  5  J  feet 
per  second,  v  =  110  V7T.  If  I  be  the  length  of  a 
pipe,  it  would  be  found  in  the  former  case  that  the 
head,   A,  in  feet  due  to  friction  from  the  formula  is 

'^  =  -I  A  f\f\c\^  =  i  «;  wid  m  the  latter  h  = 


10,000r        "-,»"-"-  -*-  -^--^-  '•  -    i2,i00r 

In  questions  of  this  kind,  however,  the  diameter  of 
a  pipe,  d  should  be  used  in  preference  to  the  hydraulic 
mean  depth,  and  as  d  =  4  r  it  will  be  foimd  in  the 

first  case  that  h  =    o5q?w  =  2  ^ ;  &nd  in  the  second 

case,  U  =  3025i  —  '^  «• 

If  it  be  necessary  to  substitute  the  fall  per  mile  for 
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the  hydraulic  inclination,  the  first  of  these  will  again 

2*11  17^ 

become  h  =    — -^ —  =  Z  «  for  the  loss  per  mile ;  and 

in  the  second  case,  h  =   — ^ —    =  Z  «  for  the  loss  per 

mile  in  feet. 

If  the  velocity  were  so  slow  as  about  1  foot  per 
second,  then  v  =  90  V  r  «,  and  we  should  find  h  = 

2025  d  -  ^  *• 

If  for  the  inclination  the  fall  per  mile  be  substituted, 

2-61  v^ 
this  will  become  h  =  — ^ —  =  I  8;  for  the  loss  per 

mile  in  feet. 

The  loss  of  head  varies  in  the  same  pipe  with  the 
velocity,  and  must  be  calculated  differently,  for  small 
and  for  high  velocities,  when  using  the  common  for- 
mulae. The  Table  near  the  end  of  Section  VIII. 
will  always  give  the  correct  value  of  r  s,  and  thence  s 

~   r 

In  addition  to  the  loss  of  head  arising  from  friction, 
losses  also  occur  from  straight  or  curved  bends,  from 
diaphragms,  from  junctions,  and  from  the  orifices  of 
entry  and  discharge ;  these  must  be  determined 
separately  for  each  case,  as  is  shown  hereafter,  and 
added  together,  including  the  loss  of  head  arising  from 
friction.  The  sum  must  then  be  added  to  the  height 
the  water  is  to  be  raised,  before  the  full  or  total  head 
for  determining  the  power  of  an  engine  can  be  accu- 
rately known. 

The  Table  on  the  two  following  pages  will  be  found 
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21-2 

22-5 

•17 

1-00 

2-9 

6t> 

9*2 

16-7 

247 

34*8 

46-8 

61-8 

11 

480 

6-4 

97 

12^3 

14*4 

16-2 

18-0 

19*5 

210 

22-4 

237 

•17 

1-1 

S^O 

6-8 

111 

177 

961 

867 

49-4 

647 

12 

440 

6-7 

10-2 

12  9 

15*2 

17-1 

18-9 

20-5 

221 

23-5 

24-9 

•18 

11 

3-2 

6*6 

11*6 

186 

274 

88*6 

61 « 

67-9 

13-2 

400 

71 

10-8 

13-6 

16-0 

18*0 

20^0 

217 

23*3 

24-8 

26*3 

•19 

1*2 

3-3 

6« 

12-8 

19-6 

28-9 

407 

64« 

717 

151 

350 

7-7 

11-6 

147 

17-2 

19-4 

21-6 

23-4 

25*2 

26-8 

28  4 

-21 

IS 

8-6 

76 

18-8 

81 -S 

812 

48*9 

69-1 

77*4 

17-6 

300 

8-4 

12-7 

160 

18-8 

21-2 

23-5 

25-5 

27-6 

29-2 

31*0 

-23 

14 

3-9 

8-2 

14*4 

28-1 

841 

48*8 

64« 

84-6 

211 

250 

0-4 

14-1 

17  8 

20-9 

23-5 

261 

28-3 

30-5 

32-5 

34-4 

-28 

1-6 

44 

9*2 

160 

267 

878 

638 

717 

93-8 

2«-4 

200 

10-6 

16-0 

20-2 

23-8 

26-8 

297 

32*2 

347 

36  i> 

39-1 

■29 

17 

6-0 

10-4 

18^ 

89*2 

481 

60*6 

81-6 

1067 

36*2 

ISO 

12-5 

190 

28-9 

281 

31-6 

351 

381 

410 

437 

46-3 

•34 

21 

6^ 

128 

81-6 

846 

60*9 

716 

96-4 

196-2 

52-8 

100 

15*0 

241 

30  4 

357 

40-1 

44-6 

48-3 

52  1 

65-4 

587 

•43 

2  6 

74 

16-6 

27-8 

48« 

646 

90-9 

1228 

160*1 

58-7 

00 

W9 

25  6 

32  3 

88-0 

427 

47-4 

51-4 

56-4 

58-9 

62-5 

•48 

2« 

7-9 

166 

891 

46-6 

687 

967 

180*8 

170-8 

66- 

80 

181 

27-5 

34-6 

407 

46-8 

50*9 

662 

69-4 

63-2 

67*0 

•49 

3*0 

86 

17-8 

81-8 

46« 

787 

1087 

1396 

1887 

75-4 

70 

19  6 

800 

37-5 

44  1 

49-6 

651 

597 

64-4 

68*4 

72*6 

'63 

3-2 

92 

19*2 

83« 

641 

79*8 

118-3 

161-8 

1977 

88* 

60 

21-5 

32-6 

411 

48*3 

64-4 

60-4 

65*5 

70-6 

76  1 

79*5 

-69 

36 

101 

211 

871 

69-8 

87-6 

1232 

166-8 

216-9 

105-6 

50 

24  0 

36-4 

45-8 

53-9 

607 

67*4 

73-1 

787 

837 

887 

-66 

4-0 

112 

28-6 

41*8 

66-2 

97*6 

137-4 

184^ 

848-0 

132* 

40 

27-4 

41-6 

52-5 

617 

69-4 

77-1 

83-6 

90-1 

96*8 

101-6 

«  ^^ 

•76 

4-6 

12^8 

96*9 

47*8 

767 

1117 

167  8 

811-6 

878-8 

176 

30 

32*6 

49-5 

62-5 

784 

82-6 

917 

99-5 

107-2 

114-0 

190-8 

•89 

6-4 

168 

88*0 

66*8 

90-0 

188  « 

1871 

861-8 

889*4 

212-2 

25 

364 

55  3 

69-8 

82  0 

92*2 

102*4 

in-i 

1197 

127-3 

134-9 

•99 

6*0 

171 

86*8 

68-9 

100-6 

1484 

906-9 

881-2 

867-9 

264-1 

20 

41-7 

63*3 

79-9 

03  8 

106*6 

117-8 

127  2 

187-0 

1457 

164-4 

1*14 

6-9 

19-6 

40-9 

78  0 

1161 

169« 

2898 

881-9 

431-2 

352- 

15 

49-6 

75-3 

95-0 

1117 

125-6 

189 -rt 

151  -8 

16S-1 

173*4 

183-8 

1-36 

8-2 

288 

48-3 

856 

187  0 

2022 

2846 

8881 

601-8 

528 

10 

6a-3 

96  0 

121-2 

142  4 

160-2 

178-0 

102  9 

207-9 

221  1 

234-3 

1-73 

10  6 

29-7 

621 

1092 

1747 

2578 

362« 

4886 

639-0 
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the  next  following 

one. 

1 

in  in.  1  Uln. 

14  in. 

10  in. 
diam. 

tuin. 

i2ain. 

(81  In. 

{    26in.    1     Win. 

30  in. 

dlua. 

dlun. 

1  diam. 

Idlam. 

1    diam.    1    diam. 

diam. 

1 

OMte 

5280 

6-8       7*4 

8-0 

8-6 

8  9 

9-4 

9-8 

10-3 

10.7 

11*1 

26-9 

40- 

66* 

76- 

ge- 

124- 

166- 

189- 

228* 

271' 

2 

2640 

10-1 

10*9 

11*7 

12-5 

ls  2 

13^ 

14*5 

15-1 

157 

16*8 

40 

68 

82 

110 

144 

183 

228 

278 

836 

400 

8 

1760 

13 

14 

15 

16 

17 

17 

18 

19 

20 

20 

60 

73 

108 

138 

180 

229 

286 

348 

421 

600 

4 

1820 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

68 

86 

120 

163 

212 

269 

836 

410 

494 

688 

5 

1066 

17 

18 

20 

VI 

22 

28 

24 

?5 

26 

27 

66 

97 

136 

184 

240 

306 

380 

464 

660 

666 

6 

880 

19 

20 

22 

23 

24 

26 

27 

*28 

29 

80 

78 

106 

161 

203 

266 

337 

420 

614 

620 

787 

7 

754 

20 

22 

24 

25 

27 

28 

29 

80 

82 

38 

80 

118 

166 

222 

289 

368 

468 

660 

676 

804 

8 

660 

22 

24 

25 

27 

29 

80 

81 

3^ 

84 

85 

86 

127 

177 

239 

812 

887 

498 

604 

728 

866 

9 

687 

23 

25 

28 

29 

80 

32 

S3 

85 

36 

88 

92 

136 

192 

266 

833 

424 

627 

646 

778 

926 

10 

628 

25 

27 

29 

81 

82 

84 

86 

37 

89 

40 

97 

144 

201 

271 

364 

460 

660 

686 

826 

982 

11 

480 

26 

28 

80 

82 

84 

86 

88 

89 

41 

42 

lOS 

162 

213 

288 

373 

476 

680 

728 

m 

1086 

12 

440 

27 

SO 

82 

84 

86 

88 

89 

41 

48 

44 

108 

160 

223 

800 

392 

408 

620 

769 

916 

1089 

18-2 

400 

29 

31 

84 

86 

88 

40 

42 

43 

45 

47 

114 

168 

286 

817 

414 

696 

666 

801 

966 

1149 

151 

860 

81 

34 

36 

89 

41 

48 

45 

47 

49 

60 

128 

181 

264 

848 

446 

668 

707 

866 

1043 

1240 

n-tf 

800 

84 

87 

40 

42 

45 

47 

49 

61 

53 

55 

184 

106 

278 

374 

487 

620 

772 

944 

1138 

1364 

21-1 

250 

88 

41 

44 

47 

50 

52 

55 

57 

59 

61 

149 

219 

808 

416 

641 

688 

867 

1048 

1264 

1604 

26*4 

200 

43 

47 

50 

58 

56 

59 

62 

65 

67 

70 

168 

248 

860 

472 

616 

788 

976 

1192 

1438 

1710 

35-2 

160 

51 

55 

50 

63 

67 

70 

73 

76 

79 

8-i 

100 

294 

414 

668 

728 

986 

1162 

1409 

1700 

2021 

02-8 

100 

65 

70 

75 

80 

85 

89 

93 

97 

101 

105 

264 

874 

626 

706 

923 

1174 

1462 

1788 

2167 

2666 

58-7 

90 

69 
270 

74 
888 

80 
669 

85 
768 

90 
982 

95 
1260 

99 
1666 

tl 

68 

80 

74 

80 

86 

91 

96 

101 

106 

•5s 

YalMitiwiBlMb^wr 

-*     ^*»_  A—,  a ■- 

75-4 

70 

290 

80 

487 
86 

600 

93 

806 

90 

1064 

105 

1340 
110 

1668 
115 

1'^ 

■«m4,  dM  «•  fcMdfc 

ill 

ii\UUi\ 

314 

468 

660 

876 

1141 

1461 

1807 

88 

60 

88 

95 

102 

109 

115 

120 

126 

a, 

uui 

105*6 

60 

844 

606 

712 

960 

1261 

128 

1691 

^  QA 

1981 

m 

C*L-* 

98 

106 

114 

121 

184 

141 

« 

nn-Ml 

AA 

884 

666 

796 

1070 

1886 

1778 

2211 

1 

S7-8 

so 

M'7 
33 

90 
SO 

132 

40 

119 

124 

180 

188 

146 

158 

161 

s 

46 

30 

84 

467 

666 

808 

1224 

1697 

2081 

2629 

4 

M 

45 

40 

176 

80 

188 

144 

155 

165 

174 

188 

192 

6 

68 
70 
SB 

56 

40 

M 

61 

6S8 

770 

1082 

1466 

1800 

2417 

8010 

10 

01 
73 

212*2 

25 

149 

161 

178 

184 

196 

204 

214 

It 

08 

:8 

09 

684 

860 

1208 

1627 

2122 

2060 

8862 

t4 

136 

111 

07 

264-1 

20 

170 

184 

198 

211 

223 

234 

•-^45 

16 

M 
60 

167 

lot 
ai5 

136 
107 
176 

110 
138 
154 

668 

984 

1888 

1862 

2430 

3090 

3848 

852 

16 

902 

219 

236 

251 

265 

278 

292 

Tt 

»6 

193 

100 

796 

1171 

1646 

2216 

2881 

3677 

4679 

M 

ttf 

308 

183 

0«k^ 

628 

10 

268 

279 

801 

820 

888 

865 

372 

96 
106 

270 

too 

323 
335 

lot 

307 

1014 

1406 

2006 

2826 

8686 

4688 

6838 

lao 

tot 

H» 
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of  great  practical  utility  in  solving  all  questions  con- 
nected with  water-pipes  and  sewers  discharging  fully- 
diluted  sewage.  In  using  it,  interpolate,  by  inspection, 
for  intermediate  diameters  or  inclinations.  For  greater 
diameters,  divide  those  given  by  4,  and  multiply  the 
corresponding  velocity  found  in  the  table  by  2,  and 
the  corresponding  discharge  in  the  table  by  82.  If 
the  object  be  to  find  the  size  of  the  channel,  divide 
greater  given  velocities  by  2,  and  multiply  the  diameters 
or  inclinations  found  from  the  table  by  4 ;  also  divide 
greater  discharges  by  82,  and  multiply  the  diameters 
foimd  from  the  table  by  4.  The  small  auxiliary  table, 
p.  29,  embodied  in  the  larger  one,  is  of  great  use  in 
making  allowance  for  the  velocity  and  orifice  of  entry 
in  short  pipes,  before  finding  the  head  due  to  friction. 
The  table  also  gives  the  different  diameters  and  incU- 
nations  which,  taken  together,  give  the  same  velocity 
or  discharge ;  and  it  enables,  from  inspection,  to 
select  that  relation  of  diameter  to  declivity  which  is 
best  suited  for  other  engineering  aspects  of  the  ques- 
tion. Taken  in  connexion  with  Tables  VIII.,  XI., 
Xn.,  and  XIII.,  this  table  completes  the  means  of 
finding,  by  inspection,  the  dimensions,  inclinations, 
velocities,  and  discharges  of  every  class  of  water- 
channel  or  sewage-conduit  required  in  engineering 
practice. 

Table  XTV.  gives  the  comparative  values  of  English 
and  French  measures;  and  Table  XY.  gives  the 
weight,  specific  gravity,  and  ultimate  strength  and 
elasticity  of  various  materials  with  which  the  engineer 
has  to  operate. 
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SECTION  IL 

FOEHniLiB  FOR  THE  VELOCITY,  AND  DISCHABGE,  FROM 
ORIFICESy  WEIRS,  AND  NOTCHES.-^<!OEFFICIENTS  OF 
TELOCITY,  CONTRACTION  AND  DISCHARGE. — ^PRAC- 
TICAL REMARKS  ON  THE  USE  OF  THE-FORMULiE. 

The  quantity  of  water  discharged  in  a  given  time 
through  an  aperture  of  a  given  area  in  the  side  or 
bottom  of  a  vessel,  is  modified  by  different  circum- 
stances, and  varies  more  or  less  with  the  form,  posi- 
tion, and  depth  of  the  orifice ;  but  the  discharge  may 
be  easily  found,  when  the  velocity  and  the  contraction 
of  the  fluid  vein  has  been  determined* 

VELOCITY. 

If  gf  be  the  velocity  acquired  by  a  heavy  body  falling 
from  a  state  of  rest  for  one  second,  in  vacuo,  then 
it  has  been  shown  by  writers  on  mechanics,  that  the 
velocity  v  per  second  acquired  by  falling  from  a  height 
h,  will  be 

(1.)  V  =  VYgY. 

The  numerical  value  of  g  varies  with  the  latitude; 
then  it  shall  be  assumed  that  2  g  =  772*84  inches 
=  64*408  feet.    These  will  give  for  measures  in  inches, 

V  =  27-8  \/  A,*  and  fe  =  772^  =  •001293t?2, 
and  for  measures  in  feet, 

*  The  velocities  for  different  heights  sn  giren  in  colmnn  numher  1, 
Table  II. 
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—  v^ 

V  =  8-025  Vh,  and  A  =  q^;^  =  'OlSSa  ■■ 

If  V  be  in  feet,  and  k  in  inches,  then 

V  =  2-317  Vhi  &ndh  =  ^^5  =  -1864 


COEFFICIENT   OF   VELOCITT. 

Let  the  vessel  a  b  c  d,  Fig    1,  be  filled  with  water 
to  the  level  b  f  :  then  it  has  been  found,  by  experi- 


ment, that  the  velocity  of  discharge  through  a  small 
orifice  o,  iu  a  thin  plate,  at  the  distance  of  half  the 
diameter  outside  it,  in  the  vena-contracta,  will  be  very 
nearly  that  due  to  a  heavy  body  falling  freely  from  the 
height  k,  of  the  surface  of  the  water  e  f,  above  the 


*  The  force  oF  gravitj  increaseB  with  the  latitndc,  and  d 
with  the  altitude  aboTe  the  level  of  the  eea,  bnt  cot  to  anj  couuder- 
nblo  extent  If  A  be  the  latitude,  uid  h  the  altitnde,  in  feet,  ahoTe 
tlie  mean  «ea  level,  then  it  ma;  he  genetaUy  talcen  that 


=  32 'l?  (1  - 


a2x) 


^  ('-I). 


Q  which  B,  the  radios  of  tha  earth  at  the  giveii  latitude  is  equal  to 

sosarooo  a  +  -ooie  coa  2\). 
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centre  of  the   orifice.      The  velocity  of   discharge 

determined  by  the  equation  v  =  V2  g  h,  for  falling 
bodies,  is,  therefore,  called  the  "  Iheoretical  velocity" 
If  r,i  be  now  put  for  the  actual  mean  velocity  of  dis- 
charge in  the  vena-contracta,  and  c^  for  its  ratio  to 
the  theoretical  velocity  v,  we  shall  get  r^  =  CjV;  and 

by  substituting  for  r,  its  value  Va  g  /i, 

(2.)  v^  =  c^  s/tEJhi 

c,  is  termed  "  the  coefficient  of  velocity ;"  its  numerical 
value,  at  about  half  the  diameter  from  the  orifice,  is 
about  '974 ;  and,  consequently, 

t?d  =  *974  \/2  g  h. 
This  for  measures  in  inches  becomes 

Vd  =  27-077  VA,» 
and  for  measures  in  feet 

t?d  =  7-816  VhT 
The  orifice  o,  is  termed  an  horizontal  orifice  in  Fig.  1, 

9  The  yelocities  for  different  heights  calcnlated  from  this  formuls 
an  gtren  in  the  column  numbered  2,  Tablk  II.  It  has  been  latterly 
asserted  in  a  Blue  Book  that  theoretically  r«  »  }  "^Ygh.  It  is  not 
necessary  here  to  combat  this  error,  which  confounds  the  discharge 
with  its  velocity,  and  a  sin^e  practical  fact,  applicable  only  to  a  thin 
plate,  with  a  theoretical  principle.  The  experimental  discharge  ap- 
proximates to  }  V  2gh  multiplied  by  the  area  of  the  orifice ;  but  the 
theoretical  Telocity  ^fYgh  always  approximates  to  the  experimental 
velocity,  or  -974  ^  2gh,  obtained  immediately  outside  the  orifice  in 
the  vena-eonirada.  It  would  be  unnecessary  to  allude  to  this  theory 
here  if  it  were  not  supported  and  put  forward  by  three  engineers  whose 
anthority  in  practical  questions  may  mislead  others.  Vide  p.  4  of 
"  Brief  obserrations  of  Messrs.  Bidder,  ffowkaUy,  and  BazalgeUe  on 
the  answers  of  the  OovemmefiU  Referees  on  the  Metropolitan  Main 
Dbainao^  ordered  by  the  House  of  Commons  to  be  printed  18th  July, 
1868." 
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and  in  Fig.  2  a  vertical  or  lateral  orifice.  When 
small,  each  is  found  to  have  practically  the  same 
velocity  of  discharge,  when  the  centres  of  the  con- 
tracted sections  are  at  the  same  depth,  A>  below  the 
surface ;  but  when  lateral  orifices  are  large,  or  rather 
deep,  the  velocity  at  the  centre  is  not,  even  prac- 
tically, the  mean  velocity;  and  in  thick  plates  and 
modified  forms  of  adjutage,  the  mean  velocities  are 
found  to  vary, 

VENA-CONTRACTA  AND  CONTRACTION. 

It  has  been  found  that  the  diameter  of  a  column 
issuing  from  a  circular  orifice  in  a  thin  plate,  is  con- 
tracted to  very  nearly  eight-tenths  of  the  whole 
diameter  at  the  distance  of  the  radius  &om  it,  and 
that  at  this  distance  the  contraction  is  greatest.  The 
ratio  of  the  diameter  of  the  orifice  to  that  of  the  con- 
tracted vein,  vena-contracta^  is  not  always  found 
constant  by  the  same  or  different  experimentalists. 

(  and,  therefore,  that  of  the  1  .^q» 
{  areas  as  1  :  j  /"' 

f  -7156 
1-622 

•6432 

•64 

(  -656 
(  -669 

•667 

•687 

•64 

•617 

Bayer's  value  for  the  contraction  has  been  deter- 
mined on  the  hypothesis,  that  the  velocities  of  the 
particles  of  water  as  they  approach  the  orifice  from 


Newton  makes  it    1  : 

•841, 

Pokni           „           1 

.    {  '846 
•    (•788 

Borda            ,,           1 

•802 

Michellotti    „           1 

•8 

Bossut           „          1  : 

(•81 
(•818 
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all  sides,  are  inversely  as  the  squares  of  their  distances 
trom  its  centre ;  and  the  calculations  made  of  the 
dischm^e  &om  circular,  square,  and  rectangular 
orificeB,  on  this  hypothesis,  coincide  pretty  closely 
with  experiments. 


APPHOXTMATE    FORM    OF    THE    CONTRACTED    VEIN. 

Let  QYi.  =  d,  Fig,  8^  be  the  diameter  of  an  orifice ; 
then  at  the  distance  r  «  =  —  the  contraction  is  found 

to  be  greatest ;  assuming  that  the  contracted  diameter 
oT  =  '7854  d.  Suppose  the  fluid  column  between 
o  n  and  o  r  to  be  so  reduced,  that  the  curve  lines  n  r 
and  0  o  shall  become  arcs  of  circles,  then  it  is  easy  to 
show  &om  the  pro- 
perties of  the  circle, 
that  the  radius  c  r 
must  be  equal  to 
1-22  d.  The  mean 
velocity  in  the  ori- 
flee,  o  B,  is  to  that 
in  the  vena-con- 
traeta,  o  r,  as  '617  : 
1 ;  and  the  mouth  piece,  b.  r  o  o.  Fig.  4,  in  which 
o  p  =  ^  o  B,  and  or  —  -78^4  x  o  b,  will  give  for  the 
velocity  of  discharge  at  o  r,  the  vena-contracta, 

t-a  =  -974  V2yA  =  7-816  y/~u, 
in  feet  very  nearly.*  In  speiJdng  of  the  velocity  of 
*  Correctly  the  cnrres  0  o  tmd  B  r  ihoald  p«tliapB  have  the  line  O  B 
emtinoed,  for  their  common  tougMit.  No  practicall;  naefiii  Teralt 
wonld,  hmrereT,  follow  from  n  more  Bccnnte  couitnictioii  than  ii  hei« 
giTm.  Bmming  ■  file  round  tho  uria 0,  B,  willeSecttheobJectbetter 
than  K  eomplax  comtniction. 

s  2 
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discharge   from   orifices  in    thin   plates,  we    always 

assume  it  to  be  the 


I 


Fig.  4 


velocity  in  the  vena- 
contracta,  and  not 
that  in  the  orifice 
itself,  which  varies 
with  the  coefficient 
of  discharge,  un- 
less in  Table  II.,  where  the  mean  velocity  in  the 
latter,  as  representing  c^  y/  2  g  h,  is  also  given. 

COEFFICIENTS    OF    CONTRACTION   AND    OF   DISCHARGE. 

Put  A  for  the  area  of  the  orifice  o  r,  Fig.  8,  and 
Cq  X  A  for  that  of  the  contracted  section  at  o  r,  then  Cc 
is  called  the  **  coefficient  of  contraction.'*  The  velocity 
of  discharge  v^  is  equal  to  c^  V  2  jr  A,  equation  (2). 
Multiply  this  by  the  area  of  the  contracted  section 
Oe  X  A,  and  there  is  found  for  the  discharge 

D  =  c^  X  Ce  X  A  \/  2  g  Ju 

It  is  evident  a  V  2gh  would  be  the  discharge  if  there 
were  no  contraction  and  no  change  of  velocity  due  to 
the  height,  h;  c^  x  c^  is  therefore  equal  to  the  co- 
efficient of  discharge.  Call  the  latter  c^,  and  there 
results  the  equation 
(8.)  c    =  c^  X  Co, 

and  hence  the  "  coefficient  of  discharge "  is  equal 
to  the  product  of  ihe  coefficients  of  velocity  and  con- 
traction. 

The  expression  c^  c^  V2gli  =  c^  ^  2gh  repre- 
sents the  mean  velocity  in  the  orifice ;  the  coefficient 
for  this  is,  therefore,  equal  to  r^.    The  values  of  the 
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velocity   c^  V  2  ^  ft,   for  different  heights  and  co- 
efficients, are  given  in  Table  II.  • 

In  the  foregoing  expression  for  the  discharge  d,  h 
must  be  so  taken,  that  the  velocity  at  that  depth  shall 
be  the  mean  velocity  in  the  orifice  a.  In  full  prismatic 
tubes  the  coefficients  of  velocity  and  discharge  are  equal 
to  each  other. 


MEAN  AND  CENTRAL  VELOCITY. 

In  order  to  find  the  mean  velocity  of  discharge 
from  an  orifice^  it  is,  in  the  first  instance^  necessary 
to  determine  the  velocity  due  to  each  point  in  its 
surface,  and  the  discharge  itself;    after  which,  the 
mean  velocity  is  found  by  simply  dividing  the  area  of 
the  orifice  into  the  discharge.     The  velocity  due  to 
the  height  of  water  at  the  centre  of  a  circular,  square, 
or  rectangular  orifice,  is  not  strictly  the  mean  velocity, 
nor  is  the  latter  in  these,  or  other  figures,  that  at  the 
centre  of  gravity.    When,  however,  an  orifice  is  small 
in  proportion  to  its  depth  in  the  water,  the  velocity 
of  efflux  determined  for  the  centre  approaches  very 
closely  to  the  mean  velocity ;  and,  indeed,  at  depths 
exceeding  four  times  the  depth  of  the  orifice,  the  error 
in  assuming  the  mean  velocity  to  be  that  at  the  centre 
of  the  orifice  is  so  small  as  to  be  of  little  or  no  prac* 
tical  consequence,   and    for  lesser  depths   it  never 
exceeds  six  per  cent.    It  is,  thereforci  for  greater 
simplicity,  the  practice  to  determine  the  velocity  from 
the  depth  h  of  the  centre  of  the  orifice,  unless  in  weirs 
or  notches;    and  the   coefficients  of  discharge   and 
velocity  in  the  following  pages  have  been  calculated 
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from  experiments  on  this  assumption,  unless  it  shall 
be  otherwise  stated. 

DISCHARGES    THBOUGH    ORIFICES   OF    DIFFERENT  FORMS 

IN    THIN   PLATES. 

The  orifices  which  the  engineer  has  to  deal  with  in 
practice  are  square,  rectangular,  or  circular ;  and 
sometimes,  perhaps,  triangular  or  quadrangular  in 
form.  It  will  be  necessary  to  give  here  only  the 
theoretical  expressions  for  the  discharge  and  velocity 
for  each  kind  of  form,  but  as  the  demonstrations  are 
unsuited  to  the  purposes  of  this  work  they  shall  be 
omitted. 


TRAPEZOIDAL    ORIFICES  WITH    TWO   HORIZONTAL    SIDES. 

Put  d  for  the  vertical  depth  of  an  orifice,  h%  for  the 
altitude  of  pressure  at  top,  above  the  upper  side,  and 
h^  for  the  altitude  at  bottom,  above  the  lower  side, 
then 

^b  "~  ^  ^^  ^* 


Let  also  the  top  or  upper  side  of  the  orifice  a  or  c. 
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Fig.  B,  be  represented  by  It,  and  the  lower  or  bottom 

side  by  i^*  and  put  — 5 —  =  i* 

Now,  when  1%  =  ?i„  the  trapezoid  becomes  a  paral- 
lelogram whose  length  is  I  and  depth  d ;  and  putting 
h  for  the  depth  to  the  centre  of  gravity,  ther^  exists 
the  equation 

*t  +  2  =  ^b  —  2  ^  ^* 
The  general  expression  for  the  discharge,  d,  through 
a  trapezoidal  orifice,  a,  is  then 

(4.)   D  =  CaV27x|{2,At-^«+|(^-W^^-^}* 

in  which  c^  is  the  coefficient  of  discharge ;  and  when 
the  smaller  side  is  nppermost  as  at  c. 


(5.)   D  = 


PARALLELOORAHIC  AND  BECTANGULAB   OBIFICES. 

When  2|  =  I|^  z=  Z,  the  orifice  becomes  a  paraUelo* 
gram,  or  a  rectangle,  b,  and  then  the  discharge  is 

(6.)  D  =  ca  V27  X  TMA!  -  ft!}- 

NOTCHES. 

When  the  upper  sides  of  the  orifices  a,  b,  and  c, 
rise  to  the  surface  as  at  Ao,  Bq,  and  Cq,  A(  becomes 
nothing,  and  then,  as  Ab  =  ^>  ^^r  the  trapezoidal 
notch  Ao  with  the  larger  side  up, 

(7.)    D  =  CaV27xid*|lb+'7(it-w} 

=  S  «d  V27d*(2  Z»  +  8  U. 
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Also  for  the  trapezoidal  notcL,  Co,  with  the  smaller 
side  up, 

(8.)    D  =  CdV27x|eP|Zd-j(«b-«} 

which  is  the  same  in  form,  but  not  in  value,  as  the 
preceding  equation.  And  for  a  parallelogramic  or 
rectangular  notch  Bq, 

(9.)         D  =  edV2^  X  \ld^=\c^lJ^\/~^. 

It  is  easy  to  perceive  that  the  forms  of  equations  (4) 
and  (6),  and  also  of  equations  (7)  and  (8),  are  iden- 
tical. The  values  for  the  discharge  in  equations  (6) 
and  (9)  are  equally  applicable,  whether  the  form  of 
the  orifice  be  a  parallelogram  or  a  rectangle,  the  only 
difference  being  in  the  value  of  the  coefficient  of 
discharge,  c^,  which  becomes  only  slightly  modified 
for  any  form  of  orifice,  and  may  be  taken  at  '617  when 
it  is  in  a  thin  plate  for  each. 

TRIANGULAR  ORIFICES  WITH  HORIZONTAL  BASES,  AND 
RECTILINEAL  ORIFICES  IN   GENERAL. 

When  the  length  of  the  lower  side,  7b  =  0>  the 
orifice  becomes  a  triangle,  d,  Fig.  6,  with  the  base 
upwards. 
In  this  case,  equation  (4)  becomes 


(10.)     D  =  Cd  VT^x  ll^ 


I  X  ^^^  ^  ^t  -  Aft; 


which  gives    the    discharge  through    the  triangular 
orifice,  d. 


A 
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When  it  =  0,  in  equation  (o),  the  orifice  becomes  a 
triangle,  Fy  with  the  base  downwards;  in  this  case^ 
the  value  of  the  discharge  is 


(11.)     D  =  Cd  V^  X  \  l^ 


H 


|«1,  hl-h\ 


As  any  triangular  orifice  whatever  can  be  divided 
into  two  others  by  a  line  of  division  through  one  of 
the  angles  parallel  to  the  horizon;  and  as  the  dis* 
charge  from  the  triangular  orifice  d  or  f  is  the  same 
as  for  any  other  on  the  same  base  and  between  the 
same  parallels,  by  such  a  division,  the  discharge  from 


v/  ////.///  ///:j^y/, 


any  triangle  not  having  one  side  parallel  to  the 
horizon  can  easily  be  found,  and  thence  the  discharge 
from  any  rectilineal  figure  whatever  by  dividing  it 
into  triangles. 

If  the  triangle  f  be  raised  so  that  the  base  shall  be 
on  the  same  level  with  the  upper  side  of  the  trian* 
gular  orifice  d  ;  if,  also,  the  bases  be  equal,  and  also 
the  depths,  by  adding  equations  (10)  and  (11),  and 
making  the  necessary  changes  indicated  by  the  diagram, 
there  is  fotmd 
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(12.)    D  =  C4V27x:^{/4+;4-2xVMliJ 

for  the  discharge  &om  a  parallelogram  e  with  one 
diagonal  horizontal.  Now  this  is  the  same  as  the 
discharge  from  any  quadrilateral  figurej  whatever, 
having  the  same  horizontal  diagonal,  and  also  having 
the  upper  and  lower  angles  on  the  same  parallels,  or 
at  the  same  depths,  as  those  of  the  parallelogram.  If 
the  orifices  d,  f,  and  e  rise  to  the  surface  of  the  water, 
as  at  Do,  Eo,  Fo,  then  for  the  discharge  from  the  notch 
i>o  there  results 

(18.)  D  =  c^^/T^  X  Jltt^J 

which  for  a  right  angled  triangle  becomes 

For  the  discharge  from  the  notch  f©, 
(14.)  D  =  Cd\/27x  J?bd*2 

*  In  the  CiyU  Engineer  and  AichitectB*  Joanul,  1858,  p.  370,  it  is 
stated  that  Professor  Thomson,  now  of  the  Unirersity  of  ^.Glasgow, 
gave  at  the  British  Association  in  Leeds  for  a  right  angled  triangle,  for 
dischaiges  of  from  2  to  10  cabic  feet  per  minute,  the  expression  Q  » 

*317  h1,  in  which  q  is  the  quantity  in  cubic  feet  per  minute,  and  B 
the  head  in  inches.    Now  the  above  equation  for  a  coefficient  of  *617 

becomes,  for  inch  measures,  d  ^  17*168  x  A  <2t  =  9*15  (2* ;  or  by 
multiplying  by  60,  and  dividing  by  1728,  to  reduce  the  discharge  to 

feet  per  minute,  d  k  *817  d\t  identically  the  same  as  Professor  Thom- 
son derived  from  his  experiments.  All  sections  of  a  triangular  notch 
are  similar  triangles,  and  hence  the  advantage  of  a  triangular-notch* 
gauge,  where  it  can  be  used,  as,  probably,  the  coefficient  remains  con- 
stant throughout.  Professor  Thomson  first  drew  attention  to  this. 
But  the  coefficient  *617  gives  practically  correct  results  for  all  forms 
of  orifices  in  thin  pltUet. 
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and  for  the  discharge  through  the  notch  Eo, 

(15.)  D  =  ca  \^x  ^{h\  -  2c^}  =  c^  y/2g'x  -9762 Zdi- 

When  the  parallelogram  e'o  becomes  a  square  I  =  2d, 
and  hence, 

(16.)  D  =  CiV2g X -gTSaS X  Vf  =Cd  V2gi  x  -34478 P. 
The  foregoing  equations  enables  the  engineer  to 
find  an  expression  for  the  dischai^e  from  any  recti- 
lineal orifice  whatever;  as  it  can  be  divided  into 
triangles,  the  diicharge  from  each  of  which  can  be 
determined  as  already  shown  in  the  remark  following 
equation  (11.)  The  examples  which  are  given  will  be 
found  to  comprehend  every  form  of  rectilineal  orifice 
which  occurs  in  practice ;  but  for  the  greater  number 
of  orifices,  sunk  to  any  depth  below  the  surface,  the 
discharge  will  be  found  with  sufficient  accuracy  by 
multiplying  the  area  by  the  velocity  due  to  the 
centre  of  gravity. 

CntCULAB  AND  SEMICIBCUIiAB  ORIFICES. 

The  discharge  through  circular  and  semicircular 
orifices  in  thin  plates  can  only  be  represented  by 


Fig.  7 


MlUUnS^duS»MUUUMJJVMA,jnt. 


means  of  infinite  series*     Bepresent  by  ^i  the  sum 
of  the  series 
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«-^i  i  1  i.  I  •¥!  *  1  *V^—*      I- 

^2  •  4  '   6  '  8  *  10  •  u)\2  '  4  '  6  •  i/ftfi       '^^^       J  ' 

Also  represent  by  s^  the  sum  of  the  series 

31416  l\»      3/A^\»      4      t)\»      tpi? 

+fi.i.i.l.Iyi.i.i^'t^.&c.|: 

^\2      4      6      8     lO/Vs      «      7/fc^  J 

then  the  discharge  from  the  semicircle  g,  Fig.  7,  with 

the  diameter  upwards  and  horizontal,  is 

(17.)        D  =  Cd  sT^gli  X  8-1416  r« («i  +  83). 

And  the  discharge  from  the  semicircle  i,  with  the 

diameter  downwards  and  horizontal  is, 

(18.)        T>  =  c^  \/  2gh  X  8-1416 r»  («i  -  s^). 

If  A  be  put  for  the  area,  then  also  for  the  discharge 

from  a  circle  h, 

(19.)  D  =  c^  ^  2  g  h  X  2  A  «i. 

In  each,  of  these  three  equations  (17)^  (18),  and  (19), 
h  is  the  depth  of  the  centre  of  the  circumference 
below  the  surface,  and  r  the  radius. 

When  the  orifices  rise  to  the  surface,  then  for  the 
discharge  from  a  semicircular  notch  Qo,  with  the 
diameter  horizontal  and  at  the  surface, 

(20.)  D  =  Cd  V2gr  x  -9586 i^=c^  s/2gr  x  -6103 a  ; 
when  the  circumference  of  the  semicircle  is  at  the 
surface,  and  the  diameter  horizontal,  as  at  Iq, 

(21.)  D=Cd\/2^  X  ^(\/l28-7)r«=Cd\/2arx-7324  a; 

15 

when  the  horizontal  diameter  of  the  semicircle  is 
uppermost,  and  at  the  depth  r  below  the  surface, 

(22.)  D  =Cd  V2^x  1-8667 r^  =  c^  's/2gr  x  1-1884  a  ; 
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and  when  the  circumference  of  the  entire  circle  is  at 
the  surface,  as  at  Hq, 

(23.)  D=:Cd\/27r'x3-017lr«=Cd\/27r  X  -9604  a. 

If  it  be  desirable  to  reduce  equations  (20),  (21),  and 
(22),  to  others  in  which  the  depth  h  of  the  centre  of 
gravity  from  the  surface  is  contained,  it  is  only  neces- 

sary  to  substitute  for  r  in  equation  (20),  and 

then  the  discharge  from  a  semicircle  with  the  diameter 

at  the  surface  is 

(24.)  D  =  Cd  V2gh  x  -0367  a. 

Also,  by  substituting  for  r  in  equation  (21), 

the  discharge  from  a  semicircle  when  the  circum- 
ference is  at  the  surface  and  the  diameter  horizontal 
is 

(26.)  D  =  Cd  V2gh  x  -9653  a ; 

and  when  the  horizontal  diameter  is  uppermost,  and 

at  the  depth  r  below  the  surface  r  =    ^  ^^^  ^    and 

(26.)  D  =  Cd  y/2gh  x  -9957  a. 

As  A  stands  for  the  area  of  the  particular  orifice  in 
each  of  the  preceding  expressions  for  the  discharge,  it 
must  be  taken  of  double  the  value,  in  equation  (23) 
for  instance,  where  it  stands  for  the  area  of  a  circle, 
that  it  is  in  equations  (20),  (21),  or  (23),  where  it 
represents  only  the  area  of  a  semicircle. 

DIFFEBENCE   OF   "MEAN  VELOCTriES."      HOW  MUCH. 

The  mesLD^  velocity  is  easily  found  by  dividing  the 
area  into  the  discharge   per  second  given    in    the, 
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preceding  equations.  For  instance,  the  mean  velocity 
in  the  example  represented  in  equation  (9),  is  equal 

3  Cd  V2  (/  d,  which  is  had  by  dividing  the  area  I  d 

into  the  discharge;    and  in  like  manner  the  mean 

velocity  in  equation  (23)  is  '9604  c^  \/  2gr.  The 
velocity  at  the  centre  of  an  orifice  is  that  generally 
taken  by  practical  men.  This  differs  very  little  from 
the  other  five  circular  and  rectangular  forms.  Even 
for  notches  at  the  surface  it  is  only  in  excess  by  from 
four  to  six  per  cent. 


PRACTICAL  REMARKS  ON  THE  DISCHARGE  FROM  CIRCULAR 

ORIFICES. 

It  has  been  shown,  equation  (19) ,  that,  for   the 
discharge  from  a  circle,  we  have 

D  =  Cd  V  2flf  A  X  2  A  «x, 
in  which  h  is  the  depth  of  the  centre,  a  the  area, 
and  8i  the  sum  of  the  series 

and  it  has  also  been  shown,  equation  (28),  that,  when 
the  circumference  touches  the  surface,  this  value 
becomes 

D  =  Cd  V  2gr  X  •9604  A. 
Now  when  h  is  very  large  compared  with  r,  it  is  easy 
to  perceive  that  2  «x  =  1>  &nd  hence 
(27.)  D  =  Od  ^  2gh  x  a. 

As  this  is  the  formula  commonly  used  for  finding  the 
discharge,  it  is  clear,  if  the  coefficient  c^  remain  con- 
stant, that  the  result  obtained  from  it  for  d  would  be 
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too  large.  The  differences,  however,  for  depths 
greater  than  three  times  the  diameter,  or  6r,  are 
practically  of  no  importance ;  for,  by  calculating  the 
values  of  the  discharge  at  different  depths,  it  is  found, 
when 

(h  =  r,   that  d  =  Cd  V  2gh  X  '960  a 
h  =  -^,  „    D  =  Td  VYgh  X  -978 a 

4 


(28.) 


h=  ^, 
a 


99 


9     >} 


h  =     I'. 

4 

A  =  2  r,  „ 

A  =  3  r,  „ 

ft  =  4  r,  „ 

h  =  5r,  „ 

\h  =  6  r,  „ 


J>  =  CaV^g  h  X  -986  a 

D  =  Ci  V  2gh  X  -989  a 

D  =  r^  V  2g  h  X  -992  a 
D  =  <!d  \/2gh  X  -996  a 
D  =  Cd  V  2gh  X  -998  a 
D  =  Cd  V  2gh  X  -9987  a; 
D  =  Cd  \/25f  ft  X  -9991  A. 


These  results  show  very  clearly  that,  for  circular 
orifices,  the  common  expression  for  the  discharge 
Cd  V  25f  ft  X  A  is  abundantly  correct  for  all  depths 
exceeding  three  times  the  diameter,  and  that  for  lesser 
depths  the  extreme  error  cannot  exceed  four  per  cent, 
in  reduction  of  the  quantity  found  by  this  formula. 
Hereafter,  when  discussing  the  value  of  Cd>  it  will  be 
shown  that  from  the  sinking  of  the  surface,  and  perhaps 
other  causes,  the  discharge  at  lesser  depths  is  even 
lai^er  than  that  exhibited  by  the  expression  Cd  V2gh 
X  A,  the  value  of  the  coefficient  of  discharge,  Cd,  being 
found  to  increase  near  the  surface  as  the  depths  ft  de- 
crease.   In  fact,  the  sides  and  length  of  the  orifice^  the 
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rounding  of  the  arrises,  and  ihe  depth  and  position  with 
reference  to  ihe  sides  of  the  vessel,  and  surface  of  the 
water,  are  of  far  greater  practical  importance  than  ex- 
treme accuracy  in  the  mathematical  formula,  tvhich  when 
complex  may  be  of  little  or  no  practical  value. 

PRACTICAL  REMARKS  ON  THE  DISCHARGE  FROM: 
RECTANGULAR  ORIFICES. 

It  has  been  shown,  equation  (6),  that  the  discharge 
from  rectangular  orifices,  with  two  sides  parallel  to 
the  horizon  or  surface  of  the  water,  is  expressed  by 
the  equation 

D  =  Cd  X  4  y/Tg  X  I  {hi  -  hn, 

in  which  I  is  the  horizontal  length  of  the  orifice,  Ab  the 
depth  of  water  on  the  lower,  and  h^  the  depth  on  the 
upper,  side.  As  it  is  desirable  in  practice  to  change 
this  form  into  a  more  simple  one,  in  which  the  height 
h  of  the  centre  and  depth  d  of  the  orifice  only  shall  be 

d  d 

included,  then  Aw  =  A  +  -  and  h^;=  h  —  -.     By  sub- 

stituting  these  values  of  h^,  and  h^  in  the  foregoing 
equations,  and  developing  the  result  into  a  series,  the 
terms  of  which,  after  the  third,  may  be  neglected,  and 
putting  A  for  the  area  I  d,  there  results 

(29.)    D=rd  y/'lg  k  x  a 1 1  -  gg^ | very  nearly. 

Therefore  for  the  accurate  theoretical  discharge 


80.)     D  =  r^V2ghx 


dh^ 
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for  the  approximate  discharge 

and  for  the  discharge  by  the  common  formula 

D  =  Cd  y/  2g  h  X,  A. 

When  the  head  (h)  is  large  compared  with  (d),  the 
height  of  the  orifice,  each  of  the  three  last  equations 
gives  the  same  value  for  the  discharge ;  but  as  the 
common  expression  c^  ">/  2gh  x  a  is  the  most  simple ; 
and  as  the  greatest  possible  error  in  using  it  for  lesser 
depths  does  not  exceed  six  per  cent.,  viz.  when  the 
orifice  rises  to  the  surface  and  becomes  a  notch,  it  is 
evidently  that  formula  best  suited  for  practical  pur- 
poses. The  following  table  and  equations  will  show 
more  clearly  the  differences  in  the  results  as  obtained 
from  the  true,  the  approximate,  and  the  common  formviUe, 
applied  to  "  lesser  "  heads ;  and  they  will  also  explain, 
to  some  extent,  why  ''  coefficients  "  determined  from 
the  common  formula,  and  that  used  by  Poncelet  and 
Lesbros,  should  decrease  as  the  orifice  approaches  the 
surface. 

12  3 

^  ft=-,      D=Cd  V2g7t  X  •9428a.    D=Ca  \/2^x  -9588  a. 
bd 

~8~'   "    '*      "  X  *yoyyA.   ,,    ,,      ,,  x*a77uoA« 

Sd 
''=4"»  M  "   »  X •9796a.  „  „   „  X  •9815 A. 

7d 
A=Y'  "  "   "  X '9854a.  „  „   „  X  •9864  A. 

(31.)  h=  d     „  „   „  X  •9890a.  „  „   „  x '9896  a. 
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(31.) 


,     Zd 

=<?d 

\/25ffe  X  '99SQA. 

D= 

=^d 

V2flf/i  X  -9954  A. 

h=2d,  „ 

„   X  •9974a. 

„   X -9974  A. 

„   X-9983A. 

„   X '9988  A. 

h=9d,  „ 

„   X-9988A. 

„  X '9988  A. 

ft      2,    „ 

„   X-9991A. 

„   X -9991  A. 

ft=4d,  „ 

„   X  •9994a. 

„   X -9994  A. 

\  AxlOd,,, 

ff        /\      «/tfa7<7Aa 

91    X    «/«/9«7  A* 

In  the  foregoing  Table  the  first  column  contains  the 
head  at  the  centre  of  the  orifice  expressed  in  parts  of 
its  height  d;  the  second  contains  the  values  of  the 
discharges  according  to  equation  (80) ;  and  the  third 
column  contains  the  approximate  values  determined 
from  equation  (29)>  the  results  in  T^hich  are  something 
larger  than  those  in  column  2,  derived  from  the  cor- 
rect formula.  The  numerical  coefficients  of  a,  at 
every  depth,  are  less  in  both  than  unity,  the  constant 
coefficient  according  to  the  common  formula.  This 
latter,  therefore  (as  in  circular  orifices),  gives  results 
exceeding  the  true  ones,  but  the  excess  is  inappreciable 
at  greater  depths  than  h  =  S  d,  and  for  lesser  depths 
than  this  the  error  cannot  exceed  six  per  cent.  It 
may  be  useful  to  remark  here,  that  when  the  orifice 
rises  to  the  surface  and  becomes  a  notch,  tJie  ''  centre 
of  mean  velocity  "  is  at  four-ninths  of  the  depth,  and  the 
centre  of  gravity  at  two-thirds  of  the  depth  from  the  sur- 
face.   The  former  fraction  is  the  square  of  the  latter. 
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SECTION  III. 

EXPERIMENTAL  RESULTS  AND  FORMULSl. — COEFFICIENTS 
OF   DISCHARGE   FOR   ORIFICES  AND   NOTCHES. 

Heretofore  the  numerical  values  of  the  general 
coefficient  of  discharge  c^  have  been  only  dwelt  upon 
partially.  In  order  to  determine  its  value  under 
different  circumstances  more  particularly,  it  will  be 
now  necessary  to  consider  some  of  the  experiments 
which  have  been  made  from  time  to  time.  These  do 
not  always  give  the  same  results,  even  when  conducted 
under  the  same  circumstances  and  by  the  same  parties, 
«nd  there  appears  to  exist  a  certain  amount  of  error, 
more  or  less,  inseparable  from  the  subject.  The 
€xperiments  with  orifices  in  thin  plates  afford  the 
most  consistent  results ;  but  even  here  the  differences 
-are  sometimes  greater  than  might  be  expected.  In 
many  of  the  earlier  experiments  the  value  of  the 
^coefficient  c^  comes  out  too  large,  which  arises,  very 
probably,  from  the  orifices  experimented  with  not 
being  in  thin  plates,  and  partaking,  more  or  less,  of 
the  nature  of  short  tubes  or  mouth-pieces  with 
rounded  arrises,  which,  as  it  shall  be  seen,  give  larger 
coefficients  than  simple  orifices.  When  an  orifice  is 
in  the  bottom  of  a  vessel,  it  would  appear  more  correct 
to  measure  the  head  from  the  surface  to  the  veTia- 
contracta  than  from  the  surfEuse  to  the  orifice  itself; 
^ind  as  any  error  in  measuring  the  head  in  any  experi- 
ment must  affect  the  value  of  the  coefficient  derived 
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from  such  experiment,  so  as  to  increase  it  when  the 
error  is  to  make  the  head  less,  and  vice  versd,  it 
appears  that  heads  measured  to  an  orifice  in  the 
bottom  of  a  vessel,  and  not  to  the  vena-contractay 
must  give  larger  coeflScients  fi'om  the  experimental 
results  than,  perhaps,  the  true  ones.  The  coeflBcients. 
in  the  following  pages  have  been  almost  all  arranged 
and  calculated,  by  the  author,  from  the  original  experi- 
ments. 

In  1739  Dr.  Bryan  Eobinson  made  some  experi- 
ments  on  the  discharge  through  small  circular  orifices, 
from  one-tenth  to  eight-tenths  of  an  inch  in  diameter,^ 
with  heads  of  two  and  four  feet,*  which  give  the 
following  coefficients. 

COEFFICIENTS  FROM  DR.  B.  R0BIN80N*8  EXPERIMENTS. 


Heads. 

diameter. 

A  Inch 
duoneter. 

A  inch 
dbuneter. 

•761 
•765 

fg  inch 
diameter. 

2  feet  head 
4  feet  head 

•768 
•768 

•767 
•774 

•728 
•742 

These  results  are  pretty  uniform,  and  the  values 
from  which  they  are  derived  are  said  to  be  "  means 
taken  from  five  or  six  experiments ;  **  as  values  of 
c^  they  are,  however,  too  high.  The  apparatus  made 
use  of  is  not  described ;  but  it  is  probable,  from  the 
results,  that  the  plate  containing  the  hole  or  orifice 
was  of  some  thickness,  and  that  the  inner  arris  wasi 
slightly  founded.  There  is  here,  however,  a  very 
perceptible  increase  in  the  coefficients  for  the  smaller 
orifices,  but  none  for  the  smaller  depth. 

*  Helsham's  Lectures,  ii.  890.    Dublin,  1739. 
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In  a  paper  in  the  Transactions  of  the  Boyal  Irish 
Academy,  vol.  ii.  p.  81,  read  March  1st,  1788,  Dr. 
Matthew  Young  determines  the  value  of  the  coeflS- 
cient  for  an  orifice  i^q-*  ^ch  in  diameter,  with  a  mean 
head  of  14  inches,  to  be  '628«  The  manner  in  which 
this  value  is  determined  is  very  elegant;  viz.,  by  com- 
paring the  observed  with  the  theoretical  time  of  the 
Avater,  in  the  vessel,  sinking  from  16  inches  to  12 
inches. 

The  following  experiments  by  Michelotti,  with  cir- 
cular orifices  from  1  to  about  8  inches  diameter,  and 
with  from  6  to  23  feet  heads,  give  for  the  mean 
Talue  Cd='618 ;  and  for  square  orifices  of  from  1  to 
D  square  inches  in  area,  at  like  depths,  the  mean 
Talue  of  Cd='628.  The  experiments  are  given  in 
French  feet  and  inches,  according  to  which  standard 
in  feet,  d=7*77  a  V/T  X  t;    t  being    the    time    in 

"Seconds.*  As  the  time  of  discharge  in  these  ex- 
periments varies  from  ten  minutes  to  an  hour,  and  as 
the  depths  are  considerable,  the  results  must  be 
looked  upon  as  pretty  accurate ;  and  it  is  worthy  of 

*  The  value  of  \/  2g  h,  equation  (1),  for  measures  in  Frencli  feet,  is 

777  V  A,  and  for  measures  in  French  inches,  26*9  Vli ;  g  being  equal 
to  80*2  feet,  or  362*4  inches,  French  measure.  One  French  foot  lA 
«qual  to  1*06578  English  feet,  and  the  inches  preserve  the  same  pk^ 
)K)rtion.  The  resulting  coefficients  must  be  the  same,  wlMitever  stan-> 
<lards  the  calculations  are  made  from.  Many  of  the  most  valuable 
/ormuls  and  experiments  in  hydraulics  are  given  in  French  measures 
tif  the  old  style.  As  the  object,  however,  in  the  present  section,  is  to 
•<]etermine  from  experiment  the  relation  of  the  expenmental  to  the 
theoretical  discharge,  it  is  not  necessary  to  reduce  the  experiments  to 
other  measures  than  those  in  the  original ;  but  the  value  of  the  force  of 
jgravity,  g,  must,  of  course,  be  taken  in  those  measures  with  which  the 
experiments  were  mado.     In  the  FVench  decimal,  or  modem  style,  the 


54 


THE  DISCHARGE  OF  WATER  FROM 


COEFFICIENTS  FBOM  MICHELOTTIS  EXPERIMENTS. 


Depth  of 
Dcacriptlon  and   the  centre 
alise  of  orifloe,  in       <>1  ™ 
Fnmch  inohes.     orifices  in 

French 
feet. 


Square  orifice, 


6-618 
6*852 
11-676 
11-818 
21  -691 
21-715 


QuAntity 

discharged 

in  olibic 

feet 


I  Theoretical 
'       time. 
Time  of      calculated 
diachaxigc         from 
in  j> 

seconds.     <=;r= — 7i 
7-77  A  v^A. 


463-604 
566-458 
516.785 
612-118 
415-487 
499-222 


600 
720 
510 
600 
800 
860 


371-3 
445-6 
811-4 
366-6 
183-7 
220-6 


Resulting 
coeffi- 
cients of  : 
discharge.' 


Mean  value  of  the  coefficient ;  square  orifice  3"  x  3' 


Square  orifice, 
2"x2'' 


6-625 
11-426 
21  -442 


329*806 
428-465 
885-333 


900 
900 
600 


594- 

580-4 

885-7 


I 


-619 
-619 
-610 
•611 
•612 
-618 


•614 


•660 
•645 
•643 


Mean  value  of  the  coefficient ;  square  orifice  2'  x  2"  . 


Square  orifice, 
l"xl" 


6-757 
11-889 
21-507 


158-549 
163-792 
562-944 


1800 
1440 
8600 


1685- 
880-6 
2249-9 


-649 


-628 
-612 
•625 


Mean  value  of  the  coefficient ;  square  orifice  1'  x  1' 


Circular  orifice, 
8"  diameter 


6-694 
11-590 
21-611 


542-85 

570-972 

521-299 


900 
720 
480 


550-1 
439*6 
1193-8 


-621 


-611 
•610 
•612 


Mean  value  of  the  coefficient ;  circular  orifice  3**  dinmoter  .     *611 


Circular  orifice, 
2"  diameter 


6-785 
11-722 
21-908 


488-687 
589-535 
575*486 


1800 
1680 
1200 


1108-1 

1016-4 

7*25-9 


-616 
-605 
-605 


Moan  value  of  the  coefficient ;  circular  orifice  8"  diameter  .     -609 


Circular  orifice, 
1"  diameter 


6-875   ,    247-354 
11-722   I    324-11 
21-903   1    444-535 


8600 
8600 
8600 


2227- 
2233- 
2237-2 


-619 
•620 
•621 


Mean  value  of  the  coefficient ;  circular  orifice  1"  diameter  .     ^620 
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note  that  here  the  coefficients  are  larger  for  square 
than  for  circular  orifices. 

It  may  be  remarked  here  in  passing  how  universal 
the  coefficients  '618  to  '628  are  for  all  forms  of 
orifices  in  thin  plates;  or  with  the  outside  arrises 
chamfered.  Indeed,  the  coefficient  '62  may  always 
be  used  with  certainty,  for  practical  purposes, 
for  every  orifice  of  this  kind,  whether  at  the  sur- 
face in  the  form  of  a  notch,  or  at  the  sides  or 
bottom  of  a  vessel,  if  the  section  of  the  approaching 
water  be  large  in  proportion  to  the  area  of  the  dis- 
charging orifice  or  notch.  By  coefficient  of  course  is 
here  meant  that  decimal  which,  multiplied  by  the 
theoretical  value,  gives  the  practical  result ;  and  this 
is  substantially  the  same  for  notches  and  orifices  sunk 
below  the  surface,  as  will  appear  further  on.  There 
appears,  however,  an  utter  want  of  accuracy  in  using 
the  coefficient  '62  or  thereabouts  in  gauging  for  all 
orifices,  weirs  included,  no  matter  what  the  thickness 
or  form  of  the  orifice  or  crest  of  a  weir  may  be,  or 
area  of  the  approaching  channel.  These  will  cause 
the  coefficient  to  vary  from  '5  to  1  or  more,  and  hence 
the  necessity  for  endeavouring  to  reduce  this  portion 
of  the  subject  to  rule. 

The  experiments  made  by  the  Abb6  Bossut,  con^ 
tained  in  the  following  table,  give  the  mean  value  of 
€^  for  both  circular  and  square  orifices,  equal  to  *616 

metre  is  equal  to  8*2809  EngliBli  feet,  or  39*371  inches.  The  tenth 
part  of  a  metre  is  the  decimetre,  and  the  tenth  part  of  the  decimetre 
the  eentimetre,  as  the  names  imply.  Table  XIY.  contains  the 
wei^ts  and  measares  in  general  tlse  in  Great  Britain  and  France,  with 
their  general  ratios  to  each  other. 
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nearly ;  and  it  may  be  perceived  that,  for  the  small 
depth  in  the  last  experiment,  the  coefficient  rises  so 
high  as  '649.  These  and  other  experiments  led  the 
Abb6  to  construct  a  table  of  the  discharges,  at  different 

COEFFICIENTS  FROIC  BOSSXTT^S  EXPERIXENTS. 


DMcrfpticMi.  poaitioD,  and  sIm  of 
omce,  m  French  inches. 


Horizontal  and  circular,  y  diameter 
Horizontal  and  circular,  1"  diameter 
Horizontal  and  circular,  2*  diameter 
Horizontal  and  rectangular,  1'  x  i" 
Horizontal  and  square,  1"  x  1"  •  « 
Horizontal  and  aouare,  2"  x  2*  .  . 
Lateral  and  circular,  )"  diameter  . 
Lateral  and  circular,  1"  diameter  . 
Lateral  and  circular,  y  diameter  . 
Lateral  and  circular,  1*  diameter  < 
Lateral  and  circular,  1"  diameter  . 


140-882 

140-882 

140-882 

140-882 

140-882 

140*882 

108- 

108- 

48- 

48- 
0-5888 


2811 

9281 

37208 

2988 

11817 

47361 

2018 

8185 

1368 

5486 

628 


^1 


Hi 


8760-8 
15043-3 
60178-1 

4788-4 
19153-7 
76614-6 

8298-3 
18173-3 

2195-5 

8782-2 
968- 


SI 

If 


-614 
•617 
•618 
'613 
•617 
-617 
-618 
-617 
-616 
-616 
-649 


depths,  from  a  circular  orifice  1  inch  in  diameter,  from 
which  the  author  has  determined  the  following  table  of 
coefficients.  These  increase,  as  the  orifice  approaches 
the  surface,  from  *617  to  '621 ;  and  at  lesser  depths 


COEFFICIENTS  DEDUCED  FBOIC  BOSSUT  S  BZPEKIHSNTS. 


Heads, 

infMt 

OoeflBcients. 

HewU, 
In  feet 

Coefidenti. 

Heads, 
in  feet 

OoeAcients. 

1 
2 
8 

4 
5 

•621 
•621 
•621 
•620 
•620 

6 
7 

8 

9 

10 

1 

•620 
•620 
•619 
-619 
•619 

11 
12 
18 
14 
15 

•619 
•618 
•618 
•618 
•617 
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than  1  foot  other  experiments  show  an  increase  in  the 
coefficient  up  to  '650.  The  experiments  of  Poncelet 
and  Lebros  show,  however,  a  reduction  in  the  coeffi- 
cients for  square  orifices  8"  x  8"  as  they  approach  the 
surface  from  '601  to  '572. 

Brindley  and  Smeaton's  experiments,  with  an  orifice 
1  inch  square  placed  at  different  depths,  give  a  mean 

COEFFICIENTS  CALCULATED  FROM   BRIKDLEY  AND  SMRATOS's 

EXFERIMEKT8. 

1  foot  head  :  orifice  1"  x  1'  :  coefficient  '6Z9^ 


2  feet  head  :  orifice  1"  x  1" 
8  feet  head:  orifice  I'xl" 

4  feet  head  :  orifice  1"  x  1" 

5  feet  head  :  orifice  1'  x  1" 

6  feet  head  :  orifice  }"  x  J' 


coefficient  '635 
coefficient  *648 
coefficient  *632 
coefficient  '632 
coefficient  *557 


-mean  *637. 


value  for  c^  of  "637.  The  last  experiment,  with  an 
orifice  only  ^  inch  by  ^  inch,  gives  so  small  a  coefficient 
as  '557  placed  at  a  depth  of  6  feet ! 

For  notches  6  inches  wide  and  from  1  to  6^  inches 
deep,  Brindley  and  Smeaton*s  experiments  give  the 
mean  value  of  Cd='637.     The  coefficients  of  discharge 

COEFFICIENTS  FOR  NOTCHES,   CALCULATED  FROM  BRINDLEY  AND 

SSI  EATON *A  EXl'EKI MENTS. 


i  Ratio  of  the 
I      lenirth 
to  iho  depth. 


I 


•92 
1-07 
1-2 
1*92 
2-4 


tol 
tol 
tol 
tol 
tol 


BlMOf 

notches  In 

Coefficients. 

inches. 

6x64 

-683 

6x5| 

•571 

6x5 

•609 

6x8i 

•602 

6x24* 

'636 

Ratio  of  tho 

length 
to  the  depth. 


Slseof 

notches  in 

inches. 


3-7  tol 
4*4  to  1 
4'8tol 
6*    tol 


6xl| 
6x11 
6x1^ 
6x1 


Coeffidenta, 


Mean  value. 


•638 
•654 
•681 
•713 
•687 


*  The  depth  is  misprintod  2^  inches  in  the  Encyclopedias,  tho 
resulting  coefficient  for  which  would  be  •568  instead  of  '686  as  aboye, 
for  a  depth  of  2^  inches. 
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for  notches  and  orifices  appear  to  differ  as  little  from 
each  other  as  those  for  either  do  in  themselves.  The 
results  also  show  a  general  though  not  uniform  increase 
in  the  coefficients  for  smaller  depths. 

Du  Buat's  experiments  with  notches  18*4  inches, 
long,  give  the  mean  value  of  <rd=*682,  which  differa 
very  little  from  the  mean  value  determined  from 
Brindley  and  Smeaton's  experiments. 

C0EFFICIEXT8  FOR  NOTCUES,   CALCULATED  FROM  DU  DUAT*8 

EXPERIMENTS. 


Ratio  of  the 

length 
to  the  depth. 


272  tol 
3 '94  to  1 


Siaoof 

notches  in 

inches. 


18-4  X  6  753 
18-4  X  4*665 


Coeffidents. 


-630 
•627 


Ratio  of  the 

lentrth 
to  the  depth. 


5-75  to  1 
10^3    tol 


Size  of 

notches  in 

ioohes. 


18-4  X  8-199 
18^4  X 1778 


CoeAdento. 

•624 
•646 


Foncelet  and  Lesbros'  experiments  give  the  coeffi- 
cients in  the  following  table,  for  notches  8  inches- 


COEFFICIKNTS  FOR  N0T(1IF>»,    BY  FONCELET  AND  LESBROS. 


Ratio  of  the 

length 
to  the  depth. 

Size  of 

notches  in 

inches. 

Coefficients. 

1 

Ratio  of  the 

length 
to  the  depth. 

Biieof 

notches  in 

inches. 

Coefficients. 

•9  tol 

1  tol 
1^3  tol 

2  tol 
2^5  tol 

8x9 
8x8 
8x6 
8x4 
8x3*2 

•577 
•585 
•590 
•592 
•595 

3-33  to  1 

5       tol 

67    tol 

10       tol 

20       tol 

8x24 
8x1-6 
8x1-2 
8x0-8 
8x0-4 

•601 
•611 
•618      ' 
•625      • 
•636 

wide ;  the  mean  value  of  all  the  coefficients  in  these 
experiments  is  '60S.  Here  the  coefficients  increase 
in  every  instance  as  the  depths  decrease^  or  as  the 
ratio  of  the  length  of  the  notch  to  its  depth  increases. 
It  will  be  necessar}'  to  refer  to  the  valuable  experi- 
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ments  made  at  Metz^  on  the  discharge  from  differently* 
proportioned  orifices  immediately. 

Bennie's  experiments  for  circular  orifices  at  deptha 
from  1  foot  to  4  feet,  and  of  diameters  from  ^  inch 
to  1  inch  give  the  following  coefficients.     Here  the 

COEFFICIENTS  FOR  CIRCULAR  ORIFICES,   FROM  RENKI£*S 

EXPERIMENTH. 


Heada  at  the 

centre  of 

each  ortfloe 

in  feet. 

^neh 
duuueter. 

iinch 
diameter. 

finch 
diameter. 

linch 
diameter. 

Mean 
values. 

1 

•671 

•634 

•644 

•633 

•645 

2 

•653 

•621 

•652 

•619 

•636 

3 

•660 

•636 

•632 

•628 

•639 

4 

•662 

•6-26 

•614 

•584 

•621 

Means 

•661 

•6-29 

•685 

•616 

•635 

increase  for  the  coefficients  for  lesser  orifices  and  at 
lesser  depths  exhibits  itself  yery  clearly^  notwithstand^ 
ing  a  few  instances  to  the  contrary.  The  mean  value 
of  the  coefficient  c^  derived  from  the  whole,  is  '635.. 
For  small  rectilineal  orifices  the  coefficients  were  as 
follows : — 

COEFFICIENTS  FOR  RECTANGULAR  ORIFICES,   FRO^  R£NKI£*8 

EXPERIMENl'H. 


•A 

• 

o 

H. 

II 

111 

^1 

ga 

^ 

t^ 

? 

1 

•617 

•617 

2 

•084 

•635 

3 

•606 

'606 

4 

•593 

•593 

Means 

•613 

•613 

S 

4^ 

A  . 

•3? 

Equilateral 
mangle 
of  1  sqiuire  Ine 
with  baae  ufx 

663 

i» 

•596 

•668 

i» 

•577 

•606 

»> 

•572 

•593 

•593 

•593 

1        632 

1 

'593 

•585 
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The  most  valuable  series  of  experiments  are  those 
made  at  Metz,  by  Poncelet  and  Lesbros.  They  were 
made  with  orifices  eight  inches  wide,  nearly,  and 
of  different  vertical  dimensions  placed  at  various 
depths  down  to  10  feet.  The  discrepancies  as  to 
any  general  law  in  the  relation  of  the  different 
values  of  the  coefficient  of  discharge  c^  to  the  size 
«nd  depth  of  the  orifice  in  the  preceding  experi- 
anents,  have  been  remedied  to  a  great  extent  by 
these.  They  give  an  increase  of  the  coefficients  for 
the  smaller  and  very  oblong  orifices  as  they  approach 
the  surface,  and  a  decrease  imder  the  same  circum- 
stances in  those  for  the  larger  square  and  oblong 
orifices.  There  are  a  few  depths  where  maximmn  and 
minimum  values  are  obtained :  the  terms  ''  maximum 
.and  minimum  values "  are  used  for  those  which  are 
^eater  in  the  one  case  and  less  in  tlie  other  than 
the  coefficients  immediately  before  and  after  them; 
4ind  not  as  being  numerically  the  greatest  or  least 
values  in  the  column.  These  maximum  and  minimum 
values  are  marked  with  a  *,  in  the  arrangement  of 
these  coefficients,  Table  I.  The  heads  given  in  this 
table  were  measured  to  the  upper  side  of  the  orifices, 
and  by  adding  half  the  depth  of  the  orifice  to  any  par- 
ticular head,  the  head  at  the  centre  will  be  obtained. 

As  a  perceptible  sinking  of  the  sm'face  takes  place 
for  heads  less  than  from  five  to  three  times  the  depth 
•of  the  orifice,  the  coefficients  are  arranged  in  pairs, 
the  first  column  containing  the  coefficients  for  heads 
measured  from  the  still  water  surface  some  distance 
back  from  the  orifice,  and  the  second  obtained  when 
the  lesser  heads,  measured  directly  at  the  orifice,  were 
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Ttsed.  A  very  considerable  increase  in  the  value  of  the 
coefficients  for  very  oblong  and  shallow  small  orifices^ 
may  be  perceived  as  they  approach  the  surface,  and 
the  mean  value  for  all  rectilinear  orifices  at  consider- 
able depths,  seems  to  approach  to  '605  or  '606. 

It  is  shown,  equation  (29),  that  the  discharge   is 

approximately,  in  which  expression  d  is  the  depth  of 
the  orifice,  and  h  the  head  at  its  centre.  Now  it  is 
to  be  observed,  that  it  is  not  the  value  of  c^  simply,, 
which  is  given  in  Table  I.,  but  the  value  of  Cj  x 

J  1 —^  [  ,  the  coefficient  of  a  V2  g  A,  equation 

(29).  The  coefficients  in  the  table  are,  therefore,  less, 
than  the  coefficients  of  discharge,  strictly  so  called, 

bv  a  quantity  equal  tot^-— .     The  value  of  this 
•^       ^  96 /r 

pression  is  in  general  very  small,  and  it  is  easy  to 

perceive  from  the  first  of  the  expressions  in  equation 

(81),  pp.  49  &  50,  that  it  can  never  exceed  4'2  per  cent., 

or  more  correctly  '0417  in  unity.    If  it  be  required  to 

know  the  discharge  from  an  orifice  4  inches  square 

=  4"  X  4",  with  its  entire  4  feet  below  the  surface,  — 

which  is  equivalent  to  a  head  of  8  feet  10  inches  at. 

the  upper  side.    From  the  table  the  value  of 

^.  /  1  _    .^  .^  \  is  -601 ;  hence 
^  t         96  h^  3 

1 

T>  =  -601  X  A  VYgTi  =  '601  X  -  X  8*025  x  2  =: 

•601  X  -  X  16-05  =  -  X  9-646  =  1-072 

9  9 


ex- 
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■cubic  feet  per  second.  In  the  absence  of  any  experi- 
ments with  larger  orifices,  when  they  occur,  it  is  best 
to  use  the  coefficients  given  in  this  table ;  and,  in 
order  to  do  so  with  judgment,  it  is  only  necessary  to 
observe  the  relations  of  the  sides  and  beads.  For 
«xaniple,  if  the  side  of  an  orifice  be  16"  x  4",  then 
«eek  for  the  coefficient  in  that  column  where  the  ratio 
■of  sides  is  as  four  to  one,  and  if  the  bead  at  the 
upper  side  be  five  times  the  length  of  the  orifice,  the 
coefficient  '626  wiU  be  found,  which  in  this  case  is  the 
liame  for  depths  measured  behind,  or  at  the  orifice. 
For  lesser  orifices,  the  results  obtained  from  the 
■experiments  of  Michelotti  and  Botmt,  pages  54  and 
£6,  are  most  applicable ;  and  also  the  coefficients  of 
Rennie,  p.  69.  It  is  almost  needless  to  observe, 
that  all  these  coefficients  are  only  applicable  to  orifices 
j.  in  thin  plates,  or 
those  having  the 
outside  arrises 
chamfered  as  in 
Fig.  8.  Very  little 
dependence  can  be 
placed  on  calcula- 
tions of  the  quan- 
tities of  water  dis- 
charged from  other  orifices,  unless  where  the  coeffi- 
cients have  been  already  obtained  by  experiment  or 
correct  inference  for  them.  If  the  inner  arris  next 
the  water  be  rounded,  the  coefficient  will  be  in- 
creased. 

NOTCBES   AMD  WEIRS. 

Some  coefficients  have  been  already  given  at  pages 


ORIFICES,    WEIRS,  PIPES,   AND  RIVERS.  63 

£7  and  58^  derived  from  experiments  of  Da  Buat, 
Brindley  and  Smeaton,  and  Poncelet  and  Lesbros,  for 
finding  the  discharge  over  notches  in  the  sides  of 
large  vessels ;  and  it  does  not  appear  that  there  is 
any  difference  of  importance  between  these  and  those 
for  orifices  sunk  some  depth  below  the  surface,  when 
the  proper  formula  for  finding  the  discharge  for  each 
is  used.  If  Poncelet  and  Lesbros*  coefficients  for 
notches,  page  58,  be  compared  with  those  for  an 
orifice  at  the  surface,  Table  I.,  there  is  little  prac- 
tical difference  in  the  results,  the  head  being  measured 
back  from  the  orifice,  unless  in  the  very  shallow 
depths,  and  where  the  ratio  of  the  length  to  the  depth 
exceeds  five  to  one.  The  depths  being  in  these 
examples  less  than  an  inch,  it  is  probable  that  the 
larger  coefficients  foimd  for  the  onfice  at  the  surface, 
^se  firom  the  upper  edge  attracting  the  fluid  to  it 
and  lessening  the  effects  of  vertical  contraction,  as 
well  as  from  less  lateral  contraction.  Indeed,  the 
results  obtained  from  experiments  with  very  shallow 
weirs,  or  notches,  have  not  been  at  all  uniform,  and 
at  small  depths  the  discharge  must  proportionably 
be  more  affected  by  movements  of  the  air,  surface 
adhesion,  and  external  circumstances  than  when  the 
depths  are  considerable.  It  will  be  seen  that  in  Mr. 
Blackwell's  experiments  the  coefficient  obtained  for 
depths  of  1  and  2  inches  was  '676  for  a  thin  plate  8 
feet  long,  while  for  a  thin  plate  10  feet  long,  it  in- 
creased up  to  *805. 

The  experiments  of  Castel,  with  weirs  up  to  about 
30  inches  long,  and  with  variable  heads  of  from  1 
to  8  inches,  lead  to  the  coefficient  *497  for  notches 
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extending  over  one-fouilh  of  the  side  of  a  reservoir ; 
and  to  the  coefficient  '664  when  they  extend  for  the 
whole  width.  For  lesser  widths  than  one-fourth,  the 
coefficients  decrease  do^Mi  to  '584 ;  and  for  those 
extending  between  one-thii'd  of,  and  the  whole  widths 
they  increase  from  '600  to  '665  and  '680.  Bidone 
found  Cd  =  '620,  and  E}i;elwein  c^  =  •686,  It  will  be 
perceived  from  these  and  the  foregoing  results,  that 
the  third  place  of  decimals  in  the  value  of  c^,  and 
even  sometimes  the  second,  is  very  uncertain;  that 
the  coefficient  varies  with  the  head  and  ratio  of  the 
notch  to  the  side  in  which  it  is  placed ;  and  it  will 
soon  be  shown  that  the  form  and  size  of  the  weir, 
weir«basin,  and  approaches,  stiU  further  modify  its 

value. 

When  the  sides  and  edge  of  a  notch  increase  in 
thickness,  or  are  extended  into  a  shoot,  the  coefficients 
are  found  to  reduce  very  considerably ;  and  for  small 
heads,  to  an  extent  beyond  what  the  increase  of 
resistance,  from  friction  alone,  indicates.  Poncelet 
and  Lesbros  found,  far  orifices,  that  the  addition  of 
a  horizontal  shoot,  21  inches  long,  reduced  the  coeffi- 
cient from  '604  to  '601,  with  a  head  of  4  feet ;  but  for 
a  head  of  only  H  inches,  the  coefficient  fell  from 
•572  to  '488,  the  orifice  being  8"  X  8".  For  notches 
8  inches  wide,  with  a  horizontal  shoot  9  feet  10  inches 
long,  the  coefficient  fell  from  '582  to  '479»  for  a  head 
of  8  inches ;  and  from  '622  to  '840,  for  a  head  of  only 

1  inch.  Castel  found  also,  for  a  notch  8  inches  wide 
with  a  shoot  8  inches  long  attached  and  inclined  at  an 
angle  4°  18^  that  the  mean  coefficient  for  heads  from 

2  to  4J  inches  was  only  '527.     Little  dependence  can> 
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therefore^  be  placed  on  experimental  results  obtained 
for  shoots  which  partake  of  the  nature  of  short  pipes, 
and  should  be  treated  in  like  manner  to  find  the 
discharge.* 

The  author  has  calculated  the  following  table  of 
coefficients  from  some  experiments  made  by  Mr.  Bal- 

COEFFICIENTS  FOR  SHORT  WEIRS  OYER  BOARDH. 

Heads  measured  on  the  crest. 


Deptha 
ininchea. 

Coefficients. 

Depths 
inincbes. 

Coeffidente. 

Depth* 
in  <T>ft>i^« 

Coefficients. 

1 

•762 

8 

•801 

6 

•788 

1{ 

•662 

81 

•765 

H 

•718 

li 

•678 

•748 

5i 

•786 

li 

•692 

8f 

•740 

5} 

•729 

2 

•684 

4 

•769 

6 

•727 

21 

702 

H 

•731 

7 

•716 

2i 

•766 

4i 

•744 

8 

•726 

2| 

•786 

4J 

•745 

1 

Mean 

•732 

lard,  on  the  river  Severn,  near  Worcester,  "with  a 
weir  2  feet  long,  formed  by  a  board  standing  perpen- 
dicularly across  a  trough."!  The  heads  or  depths 
were  here  measured  on  the  weir^  and  hence  the  coeffi- 
cients are  larger  than  those  found  from  heads  mea- 
sured back  to  the  surface  of  still  water. 

Experiments  made  at  Chew-Magna,  in  Somerset- 
shire, by  Messrs.  Blackwell  and  Simpson,  in  1850,  t 
give  the  following  coefficients. 

"  The  overfall  bar  was  a  cast-iron  plate  2  inches 
thick,  with  a  square  top."     The  length  of  the  over- 


*  Traits  Hydrauliqae,  par  D*Aabnisson,  pp.  46,  94  et  96. 
t  Civil  Engineer  and  Architect's  Journal  for  1851,  p.  647. 
t  Civil  Engineer  and  Architect's  Journal  for  1851,  pp.  642  and 
645. 
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OOEFFICIEirrS  DEBIYED  FBOM  THE  EXPERIMENTS  OF  BLACmVELL 

Ain>  8IXPS0K. 


HeadB 
In  inches. 

OoeffldentB. 

Heads 
inlnohee. 

Coefficienta. 

Heads 
In  inches. 

Coefficients. 

Itoi 
1  tolA 

2it 
3to3i 

•591 
•626 
'682 
'665 
•670 
•666 
'653 
'654 
'725 
'745 

If 

5 
64 

6tt 

54toq| 

6a 

•743 
•760 
•741 
•750 
725 
'780 
'781 
749 
751 
728 

6 
6Ato6i 

8to8H 

8« 
9 

Mean 

•749 
•748 
•747 
•772 
•717 
•802 
'737 
•750 
•781 
•723 

fall  was  10  feet.  The  heads  were  measured  from  still 
water  at  the  side  of  the  reservoir,  and  at  some  distance 
up  in  it.  The  area  of  the  reservoir  was  21  statute 
perches,  of  an  irregular  figure,  and  nearly  4  feet  deep 
on  an  average.  It  was  supplied  from  an  upper  reser- 
voir, by  a  pipe  2  feet  in  diameter  and  of  19  feet  fall ; 
the  distance  between  the  supply  and  the  weir  was 
about  100  feet.  The  width  of  the  reservoir  as  it 
approached  the  overfall  was  about  50  feet,  and  the 
plan  and  section.  Fig.  9,  of  the  weir  and  overfall  in 
connection  with  it,  will  give  a  fair  idea  of  the  circum- 
stances attending  the  experiments.  For  heads  over 
6  inches  the  velocity  of  approach  to  the  weir  was 
*'  perceptible  to  the  eye,"  though  its  amount  was  not 
determined.  It  will  be  perceived  that  the  coefficient 
(derived  from  two  experiments)  for  a  depth  of  8  inches 
is  '802,  while  the  coefficient  (derived  from  three 
experiments)  for  a  depth  of  7-H  inches  is  '717,  and 
for  depths  from  8  to  84^  inches  the  mean  coefficient 
is  *748 :  as  all  the  attendant  circumstances  appear  the 
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same,  ihese  discrepancies  and  others  must  arise  from 
some  midescribed  circumstances  of  the  case :  perhaps 
the  supply,  and,  consequently,  the  velocity  of  approach, 
was  increased  while  making  one  set  of  experiments, 
without  affecting  the  still  water  near  the  side  where 
the  heads  appear  to  have  been  taken.  By  comparing 
the  results  with  those  obtained  by  one  of  the  same 
experimenters,   Mr.   Blackwell,   on  the   Kennet  and 


Avon  Canal,  we  shall  immediately  perceive  that  the 
velocity  of  approach,  and  eveiy  circumstance  which 
tends  to  alter  and  modify  it,  has  a  very  important 
effect  on  the  amount  of  the  discharge,  and,  conse- 
quently, on  the  coefficient. 

The  experiments  made  by  Mr.  Blackwell,  on  the 

Kennet  and  Avon  Canal,  in  1850,"  afford  very  valuable 

instruction,  as  the  form  and  width  of  the  crest  were 

*  Civil  Engineer  and  Arcli[Uct*i  Joonial,  1S51,  p.  642. 
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variedy  and  brought  to  agree  more  closely  with  actual 
weirs  across  rivers  than  the  thin  plates  or  boards  of 
earlier  experimenters.  The  author  has  calculated  and 
arranged  the  coefficients  in  the  following  table  from 
these  experiments.  The  variations  in  the  values  for 
different  widths  of  crest,  other  circumstances  being 
the  same,  are  very  considerable ;  and  the  differences 
in  the  coefficients,  at  depths  of  5  inches  and  under, 
for  thin  plates  and  crests  2  inches  wide,  are  greater 
than  mere  friction  can  account  for ;  and  greater  also 
than  the  differences  at  the  same  depths  between  the 
coefficients  for  crests  2  inches  thick,  and  8  feet  long. 


Fi^.  10 


The  dotted  lines  oa 
Plan  ihow  the  sub- 
meiged  roaaonry  ap- 
pearing at  C  in  Section. 


erfall 


I 


Scale  of  Plan  in  Feet. 


ScaleorSectkmioFeeC    •  lo 
J I i—J '     ■    '     ' 1.^ 


1 


The  plan  and  section,  Fig.  10,  will  give  a  fair  idea 
of  the  approach  to,  and  nature  of  the  overfall  made 
use  of  in  these  experiments.     The  area  of  the  reser- 
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voir  was  2a.  1b.  80p.^  and  the  head  was  measured 
jfrom  the  surface  of  the  still  water  in  it,  which  remained 
unchanged  between  the  beginning  and  end  of  each 
experiment.  The  width  of  the  approach  a  b  from 
the  reservoir  was  about  82  feet ;  the  width  at  a  6 
about  18  feet,  below  which  the  waterway  widened 
suddenly,  and  again  narrowed  to  the  length  of  the 
overfall.  The  depth  in  front  of  the  dam  appears  to 
have  been  about  8  feet ;  the  depth  on  the  dam,  next 
the  overfall,  about  2  feet ;  and  the  depth  on  the  sunk 
masonry  in  the  channel  of  approach,  about  18  inches. 
Altogether,  the  circumstances  were  such  as  to  increase 
the  amount  of  resistances  between  the  reservoir,  from 
which  the  head  was  measured,  and  the  overfall,  par- 
ticularly for  the  larger  heads,  and  it  is  accordingly 
seen  that  the  coefficients  become  less  for  heads  over 
six  inches,  with  a  few  exceptions.  The  measure- 
ments of  the  quantities  discharged  appear  to  have 
been  made  very  accurately,  yet  the  discharges  per 
second,  with  the  same  head  and  same  length  of  over- 
fall, sometimes  vary;  for  instance,  with  the  plank 
2  inches  thick  and  10  feet  long,  the  discharge  per 
second  for  4  inches  head  varied  from  6'098  cubic 
feet  to  6'491  cubic  feet,  or  by  about  one-sixteenth  of 
the  whole  quantity.  Most  of  the  results,  however, 
are  means  from  several  experiments.  The  quantities 
discharged  varied  from  one-tenth  of  a  cubic  foot  to 
22  cubic  feet  per  second,  and  the  duration  of  the 
experiments  from  24  to  420  seconds.  If  the  coeffi- 
cients for  a  plank  10  feet  long  and  2  inches  thick 
in  the  foregoing  table  be  compared  with  those  for  the 
Bame  overfall  at  Chew-Magna,  it  will  be  seen  imme- 
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diatelj  how  much  the  form  of  the  approaches  affects 
the  discharge.  Indeed,  were  the  area  of  the  reser- 
voir at  Chew-Magria  even  larger  than  that  for  the 
Kennet  and  Avon  experiments,  it  would  be  found, 
notwithstanding,  that  the  coefficients  in  the  former 
would  still  continue  the  larger,  though  not  fully 
as  krge  as  those  found  under  the  particular  cir- 
cumstances.* 

The  following  table  gives  the  mean  results  of  88 
experiments  made  by  Francis,  at  the  Lower  Lock, 
Lowell,  Massachusetts,  in  1852.  The  duration  of 
each  of  these  experiments  varied  from  180  to  822 
seconds.  The  coefficients  in  column  10  have  been 
calculated  by  the  author,  and  the  other  results  con- 
densed from  the  large  table  given  in  Francis'  Book.f 
The  heads  given  in  the  6th  column  are  those  which 


*  There  is  a  very  important  omission  in  all  the  preceding  experi- 
ments on  weirs  and  notches.  In  Fig.  10,  for  instance,  it  would  haye 
been  necessary  to  obtain  the  heads  at  A  B  and  a  6  in  each  experiment, 
above  the  crest,  and  also  the  head  on  and  a  few  feet  above  the  crest 
itself.  These  are,  perhaps,  best  calculated  by  means  of  the  observed 
velocity  of  approach.  They  would  indicate  the  resistances  at  the 
different  passages  of  approach,  and  enable  us  to  calculate  the  coeffi- 
cients correctly,  and  thereby  render  them  more  generllay  applicable  to 
practical  purposes.  The  coefficients  in  the  two  previous  tables  are  not 
as  valuable  sa  they  otherwise  would  be  from  this  omission.  The  level 
of  still  water  near  the  banks  is  below  that  of  the  moving  water  in  the 
current ;  therefore,  heads  measured  from  still  water  must  give  larger 
coefficients  than  if  taken  from  the  centre  of  the  current.  This  may 
account,  to  some  extent,  for  the  larger  coefficients  in  the  first  table, 
but  apart  from  this,  the  short  contracted  channel  immediately  above 
the  waterfall,  Fig.  9,  must  increase  the  velocity  of  approach,  and  conse- 
quently the  coefficients. 

t  Lowell  Hydraulic  experiments.    New  York,  18(»5. 
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1-25 

1-00 

1-02 

1-06 

0-99 

1-01 

•80 

-88 

-80 
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•65 
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1-56 

1-25 

1-00 

1-02 

1*06 

•98 

1-00 

•80 

-88 

-80 

•62 

-65 

•68 
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oo 

l§ 
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II 


62-6 
45-4 
82-5 
26-8 
85-8 
82-4 
88-3 
23-4 
24-8 
23-8 
16-0 
17-2 
14-5 


8-82 
8-88 
8-32 
8-36 
3-85 
8-84 
3-33 
3-82 
8-34 
3-34 
3 -38 
3 -83 
3-84 


10 


-621 
-623 
-621 
•628 
-626 
624 
•628 
•621 
-624 
•624 
•628 
•628 
•623 


would  give  the  observed  discharge  from  the  foi*muIa 

D  =  1  ca  (2  9)^  h'l 
As  also  from  equation  (89) 

therefore, 

h'  =  {(fc  +  fcJ^-Aa*}^- 
the  values  of  which  are  given  in  column  6.      The 
values  of  hf'  in  column  8  are  those  which  would  be 
found  by  resolving  the  equation 

D  =  c(i  +  -InVO  A"*; 
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n  being  the  number  of  end  contractions,  and  c  a 
multiplier  varying  from  8*82  to  8*86. 

In  this  table  the  theoretical  head  -^  =  'OISS  rjdue 

to  the  velocity  of  approach  has  been  used  and  does 
not  exceed  '02  of  a  foot.     However,  this  head  is  much 

greater,  and  should  be  taken  =  i-zrn —  =  '04  vi  or 
'^  c5  X  2(7 

thereabouts.  This  would  reduce  the  values  of  the 
coefficient  of  discharge  c^  in  the  10th  column.  The 
differences  between  A,  V,  and  h"  in  columns  8,  6,  and 
7  are  here,  practically,  of  little  moment,  and  the  value 
of  Cd  in  column  10  would  be  nearly  the  same  derived 
from  either.  The  crest  of  the  weir  experimented  upon 
was  1  inch  thick.  The  weir  measuring  10  feet  x  13- 
inches  x  1  inch,  the  top  was  roimded  off  at  both 
arrises,  leaving  the  central  horizontal  portion  one 
quarter  of  an  inch  wide.  The  general  result  of  these 
experiments  verifies  the  ordinary  coefficient  for  notches- 
in  thin  plates  from  '617  to  *628  for  the  value  of  c^. 

Professor  Thomson's  experiments  with  right-angled 
triangular  notches,  in  thin  plates,  give  a  mean  coeffi- 
cient of  -617.     Vide  Note  p.  42. 


HEAD,   AND   FROM  WHENCE   MEASURED. 

By  referring  to  Table  I.,  it  is  seen  that  there  is  it 
difference  in  the  coefficieitits  as  obtained  from  heads 
measured  on  and  above  the  orifice.  This  difference  is 
greater  in  notches,  or  weirs,  than  in  orifices  sunk 
below  the  surface ;  and  when  the  crest  of  a  weir  is  of 
some  width,  the  depths  upon  it  vary.    In  the  Kennet 
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nnd  Avon  experiments,  the  heads  measured  from  the 
surface  of  the  water  in  the  reservoir,  and  the  depths 
at  the  "  outer  edge"  (by  which  is  understood  the  lower 
€dge)  of  the  crest  were  as  follows : — 


DIFFEBENCE  OF  HEADS  MEASURED  ON  AND  ABOVE  WEIBS. 
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No  intermediate  heads  are  given,  but  those  registered 
point  out  very  clearly  the  great  differences  which  often 
exist  between  the  heads  measured  on  a  weir,  or  notch, 
And  those  measured  from  the  still  water  above  it ;  and 
how  the  form  of  the  weir  itself,  as  well  as  the  nature 
of  the  approaches,  alters  the  depth  passing  over.  On 
s,  crest  2  feet  wide,  with  14^  inches  depth  on  the  upper 
edge,  we  have  found  that  the  depth  on  the  lower  edge 
is  reduced  to  11^  inches,  or  as  1*26  to  1.  The  head 
taken  from  8  to  20  feet  above  the  crest,  where  the 
plane  of  the  approaching  water  surface  becomes  curved, 
is  that  in  general  which  is  best  suited  for  finding  the 
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discharge  by  means  of  the  common  coefficients,  but  a 
correct  section  of  the  channel  and  water-line,  showing 
the  different  depths  upon  and  for  some  distance  above 
the  crest,  is  necessary  in  all  experiments  for  deter- 
mining accurately  by  calculation  the  value  of  the 
coefficient  of  discharge  c^. 

Du  Buat,  finding  the  theoretical  expression  for  the 
discharge  through  an  orifice  of  half  the  depth  A, 

■,=iV2Fx '{»•-©'}. 

equation  (6) 

to  agree  pretty  closely  with  his  experiments,  seems 

h  . 
to  have  assiuned  that  the  head  h  is  reduced  to  -^  ui 

passing  over.  This  is  a  reduction,  however,  which 
never  takes  place  unless  with  a  wide  crest  and  at  its 
lower  edge,  or  where  the  head  h  is  measured  at  a  con- 
siderable distance  above  the  weir,  and  when  a  loss  of 
head  due  to  the  distance  and  obstructions  in  channel 
takes  place.  When  there  is  a  clear  weir  basin  imme- 
diately above  the  weir,  the  author  has  found  that, 
putting  h  for  the  head  measured  firom  the  surface  in 
the  weir  basin,  and  h^  for  the  depth  on  the  upper  edge 
of  the  weir,  that 

(82.)  A  -  fc^  =  -14  \/T, 

for  measures  in  feet,  and 

(83.)  •      A  -  *^  =  -48  VX 

for  measures  in  inches.    The  comparative  values  of 

h  and  h^  depend,  however,  a  good  deal  on  the  particular 
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circumBtances  of  the  case.  Dr.  Bobinson  found* 
h  =  I'lll  A^,  when  h  was  about  5  inches.  The 
expressions  given  are  founded  on  the  h^'pothesis,  that 

fc  —  A^  is  as  the  velocity  of  discharge,  or  as  the  \/~ft 
nearly.  For  small  depths,  there  is  a  practical  difficulty 
in  measuring  with  sufficient  accuracy  the  relative 
values  of  h  and  h^.    Unless  for  very  small  heads  the 

sinking  will  be  found  in  general  to  vary  from  Tq  to  -;^> 

and  in  practice  it  will  always  be  useful  to  observe  the 
depths  on  the  weir  as  well  as  the  heads  for  some  dis- 
tances (and  particularly  where  the  widths  contract) 
above  it. 

In  order  to  convey  a  more  definite  idea  of  the 
differences  between  the  coefficients  for  heads  measured 
at  the  weir,  or  notch,  and  at  some  distance  above  it, 

assume  the  difference  of  the  heads  h  -^  h^  =    -  ~  I 

T 

hence  h  = A-  *uid  Aw= — ; — r  fc- 

Now  the  discharge  may  be  considered  as  that  which 
would  take  place  through  an  orifice  whose  depth  is  h^ 
with  a  head  over  the  upper  edge  equal  to  A  —  A^ 

=    ^7 ;  hence  from  equation  (6)  the  discharge  is  equal  to 

a  /r  +  1     M 

and  substituting  for  h  its  value  f A^  j  ,  then  the 

*  FroceedingB  of  the  Royal  Irish  Academy,  vol.  iv.  p.  212. 
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value  of  the  discharge  is 

(84.)     i>  =  UK ^/^gh,  X  Cd{(l  +  ^)*  -  QJ] . 
As  the  value  would  be  expressed  by 

if  the  head  h  —  h^  were  neglected,  it  is  evident  the 
coefficient  is  increased,  under  the  circumstances,  from 
^d  to 

or,  more  correctly,  the  common  formula  has  to  be 

multiplied  by  f  1  +  "V  ""(")*»  ^^  ^^  ^®  ^^^^  ^^S" 
charge,  and  the  value  of  this  expression  for  different 

values  of  -  =  n  will  be  found  in  Table  IV.    If  it  be 
r 

supposed  that 

h-K=  YO*  ^^^  r  =  10  =^^ 

and  find  from  the  table  i}  +  ^J  ^  (f)'  "^  1'1221. 

Now  if  the  value  of  c^  be  taken,  for  the  full  head  h,  to 
be  -628,  then  will  1-1221  x  -628  =  '705,  rejecting 
the  latter  figures,  be  the  coefficient  when  the  head  is 

1        2 

measured  at  the  orifice:  and  if  —  =  ^ns  =  n,  then  in 

r       lu 

the  same  manner  the  new  coefficient  would  be  found  to 

be  1-2251  X  -628  =  '769  nearly.     The  increase  of  the 

coefficients  determined,  page  65,  from  Mr.  Ballard's 

experiments  is,  therefore,  evident  from  principle,  as 

the  heads  were  taken  at  the  notch ;  and  it  is  also  pretty 
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clear  that,  in  order  to  determine  the  true  discharge,  the 
heads  both  on,  at,  and  above  a  weir  shovld  be  taken. 
Most  of  the  discrepancies  in  the  coefficients  determined 
from  experiment  have  arisen  from  imperfect  and  limited 
observations  of  the  facts.  Amongst  these  the  velocity 
of  approach  should  never  be  neglected  by  observers, 
as  its  effect  on  the  discharge  is  often  considerable  in 
increasing  the  quantity.  The  effect  of  the  form  of  the 
weir  and  approaches  is  scarcely  ever  sufficiently  con- 
sidered by  professional  men.  Most  of  the  discussions 
which  arose  with  reference  to  the  gaugings  on  the 
Metropolitan  Main  Drainage  Question  would  have 
been  obviated  if  the  calculators,  or  engineers,  had 
taken  into  accoimt  the  different  circumstances  attendant 
on  it,  instead  of  applying  generally  a  formula  suited 
to  a  particular  case,  namely,  a  thin  crest,  a  small  notch, 
and  a  large  body  of  water  immediately  above  it ;  and 
applied  a  correct  formula  for  including  the  effects  of 
the  velocity  of  approach. 

The  two  following  tables  have  been  reduced  to 
English  feet  measures,  from  Boileau's  experiments; 
they  show  the  relation  of  the  head  to  the  depth  on  the 
crest  at  the  upper  arris.  The  coefficient  for  the  head 
h  being  known,  that  due  to  h^^  on  the  weir,  may  be 
calculated  from  equation  (84). 

If  the  head  h^  were  used  instead  of  h,  to  calculate 

h 
the  discharge,  then  when  jt-  =  1*2,  a  coefficient  of  "628 

for  the  head  h  would  become  '769  for  the  head  h^  in 
equation  (34).  For  -;  =  '2,  and,  therefore.  Table 
IV.,  -623  X  (1-2)S  -  (-2)?  =  -628  x  1-2251  =  '769. 
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Table  shewing  the  ratio  of  the  head,  h,  to  the  depth,  h^  on  a  Plank 
Weir  of  the  full  wvUh  of  the  Channel,  immediately  at  the  upper  edge, 

or  -— ,  see  eqwUioik  (33),  when  the  duet  of  water  is  free  after  passing 
over,  with  air  under  it. 


( 

Values  of  the  head  h  divided  by  the  thickness  of  the  sheet  of 
water  passing  over  the  weir  immediately  at  the  upper  edge ; 

Head  A 

arerage  r- « 

g  ss  1*2  between  heads  of  8  and  14  inches. 

'     in  feet 

1 

Height  of 

weir  In  feet^ 

•86-. 

Height  of 
weir  in  feet, 

lor. 

Heiffht  of 

weir  in  feet, 

1-88'. 

Helffht  of 

weir  in  feet, 

1-71'. 

1         -1 

1-339 

•  •  • 

■  ■  • 

1-285 

:    -18 

1*282 

•  ■  ■ 

1-320 

1-250 

•16 

1-260 

•  •  • 

1-285 

1-228 

•20 

1-234 

1243 

1-249 

1-214 

•23 

1-223 

1-232 

1231 

1205 

•26 

1-216 

1-232 

1-223 

1-200 

•3 

1-212 

1-228 

1^218 

1-199 

•33 

1-210 

1-226 

1-217 

1^199 

•39 

1^206 

1-221 

1-112 

1-197 

•46 

1^202 

1-216 

1-206 

•53 

1199 

•  •  • 

1-201 

•59 

1196 

•  •• 

1-195 

•66 

1-192 

•  •  • 

1^191 

•82 

1-186 

•  •  * 

•  •  • 

•99 

1-184 

... 

•  •  • 

1^15 

1^182 

•  •  • 

•  •  • 

If  thehead^w^ere  usedinstead  of  %to  calculate  the  dis- 

charge,  when  jt-  =  1*26,  Table  next  page,  then  a  coeffi-* 
cient  of  "628  for  the  headfewould  become  'TQOfor  the  head 
h^  n  equation  (84).     For  -.  =  '25;  and,  therefore,  the 

T 

value  of  cMl  +  -)*  -  (^)'},  Table  IV., is  '628 

X  (1-25)1  -  (-25)1  =  -628  x  1-2725  =  '799.  And  so 
on  we  may  calculate  the  value  of  the  coefficient  to 
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be  applied  to  the  depth  h^  on  the  weir,  for  any  other 
ratios  between  h  and  h^  by  means  of  equation  (84). 


Tabus  showing  the  ralio  ^  equation  (33),  when  the  sheet  of  water 

hw 
passing  over  is  in  contact  toUh  the  crest  wni  with  the  vjoter  imme- 

diately  below  a  Plank  Weir. 


Values  of  r-  for  different  heights  of  wein  and  for  dlflbrent 
heads;  mean  Talue  for  heads  between  S  and  14  inches,  equal 
1  =  1-26. 

Readh 

in  feet 

—                             1^ 

Height  of  weir 
&ifeet» 

Height  of  weir 
tafeet. 

Height  of  weir 
111  feet, 

lor. 

ir. 

1-88'. 

•43 

•  •« 

1-283 

•  •  • 

•46 

•  •  * 

1-276 

1-291 

•49 

1^256 

1-266 

1-281 

•63 

1-260 

1-258 

1-271 

•69 

1-236 

1-245 

1-254 

•66 

1-225 

1-282 

1-241 

•73 

1-216 

1-228 

•79 

1-208 

1-216 

•86 

1-202 

1-208 

•92 

1-198 

1-208 

•99 

•  •  • 

1-198 

Boileau  made  some  valuable  experiments  at  Metz, 
which  were  published  in  1854.  They  give  the  follow- 
ing results  for  vertical  plank  weirs  extending  from  side 
to  side  of  the  channel,  when  the  water  passed  over 
without  adhering  to  the  crest : — 


Height  of  weir  over  bot- 

HwidaboTt. 

Mean  coefficient 

8- 

•2    to  1^6 

•645 

1-8 

•16  to    -5 

•622 

•6 

•15  to    -26 

•626 

^'hen  the  water  passing  over  adhered  to  the  crest. 


Head  above. 

Mean  coefficient. 

1-      to  1-6 

•694 

•6    to  1-8 

•690 

•86  to  1-3 

•675 
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and  no  air  between  the  sheet  passing  over  and  the 
water  below  the  weir,  the  experiments  gave 

Height  of  weir  over  bot- 
tom of  channel  in  feet. 

2- 
1-3 
•6 

When  the  plank  weir  leant  up-stream  4  inches  to  a 
foot,  the  mean  value  of  c^  was  '620,  the  height  of  weir 
being  1'5  foot,  and  with  heads  from  "23  to  "5  foot. 
When  its  crest  was  rounded  to  a  semi-cylinder,  the 
coefficient  was,  with  a  head  of  '26  foot,  '696,  and  witli 
a  head  of  '52  foot,  •848 ;  the  water  adhering  to  the  crest. 
With  a  head  of  '6  foot  the  coefficient  was  '867,  and  with 
a  head  of  '85  foot,  '840,  when  the  water  passed  over 
without  air  between  it  and  the  water  below  the  crest. 
The  following  tables  give  the  experimental  and  reduced 
coefficients  for  vertical  plank  weirs  of  different  heights, 
and  with  different  heads,  when  the  water  passes  over 
in  a  full  sheet,  and  also  when  it  adheres  to  the  crest 
and  joins  it  and  the  lower  water.  Also  for  plank  weirs 
suitable  for  sluices,  leaning  up-stream  with  a  slope  of 
one-third  horizontal  to  one  vertical. 


o 
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OoKFFiciBNTS  of  Vertical  Plank  Weirs  at  rigJU  angles  to  the  Channel, 
token  the  edge  is  chamfered  at  the  lower  arris,  and  when  the  head 
passing  over  is  in  contact  wiUi  the  water  at  and  below  the  Weir ;  or 
v)hen  the  water  immediately  below  ths  Weir  rises  to  the  crest.  Tha 
maximum  coefficient  733  appears  to  obtain  when  the  height  of  the 
Weir  is  double  thz  depth  passing  over  the  crest. 


Heights  of  weirSf  in  feet,  over  the  bottom  of  the  channel,  and 

-•^ 

Gorreftponding  yaJuee  of  the  coe£Bcient  of  discharge  ca  ^  ^^ 

•eg 

%^ 

formula  v  =  e^x  f  v'li  y 

h. 

q  (3 

B5 

•66' 

•82' 

•99'  jl^l5' 

1-32' 

1-48' 

1-65' 

1-81' 

1-98' 

t^  •#* 

•30    -727 

•  •  •               •  «  • 

■  •  • 

•30 

•33 

•724 

•  •  • 

•  ■  • 

•  •  « 

•33 

•36 

•721 

•  •  • 

•  •  • 

•  •  • 

•36 

•39 

•718 

•  •  • 

•  •  • 

•  •  ■ 

•39 

•43 

•714 

•  •  • 

•  •  • 

•  •  • 

•43 

•46 

•709 

•  •  • 

■  •  • 

•  •  > 

•46 

•49 

•702 

•708 

•715 

•724 

•49 

•53 

•694 

•699 

•708 

•718 

•  •  • 

•63 

•56      687 

•693 

•700 

•712 

•729 

•56 

•59     -679 

•687 

•694 

•705 

•721 

•59 

•63  ,  -676 

•682 

•689 

•700 

•717 

•63 

•66  1  -672 

•678 

•684 

•696 

•714 

•66 

•73     -667 

•672 

•678 

•690 

•708 

•733 

•73 

•79     •661 

•666 

•673 

•685 

•706 

•729 

•79 

•86 

•655 

•660 

•669 

•681 

•700 

•724 

•86 

•92 

•648 

•665 

•666 

•678 

•699 

•720 

•92 

•99 

•640 

•652 

•666 

•678 

•693     ^703 

•712 

•720 

•729 

•99 

1-05 

•631 

•645 

•657 

•669 

•681 

•691 

•702 

•711 

•720 

1^05 

112 

•627 

•636 

•646 

•657 

•667 

•679 

•690 

•700 

•711 

1-12 

1^19 

•625 

•636 

•646 

•657 

■666 

•675 

•685 

•694 

•703 

1^19 

1-25 

•625 

•636 

•646 

•657 

•666 

:675 

•682 

•690 

•696 

1-25 

132 

•625 

•636 

•646 

•657 

•666 

•673 

•679 

•685 

•691 

1^32 

1-39 

•  •  • 

•  •  • 

•  •  • 

«•• 

•666 

•672 

•678 

•682 

•684 

1-39 

1-45 

•  •  • 

•  ■  • 

•  •  • 

•  •  « 

•664 

•670 

•675 

•679 

•684 

146 

1-52 

•  «  • 

•  •  • 

•  •  • 

•  •  ■ 

•661 

•667 

•672 

•676 

•681 

1^62 

1-58 

•  *  » 

•  •  • 

•  •  • 

•  •  ■ 

•658 

•663 

•669 

•672 

•675 

1^68 

1-65  j    ... 

•  •  • 

•  •  • 

•  •  • 

•655 

•658 

•663 

'Q66 

•667 

1-65 

The  effect  of  the  form  of  the  crest  in  increasing  the 
•coefficients  is  distinctly  observable  in  the  next  table, 
although  the  weirs  experimented  on  overhung  the  water 
nbove,  between  the  crest  and  the  bottom  of  the  channel. 
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The  following  table  gives  the  result  of  experiments^ 
on  chamfered  plank  weirs,  for  gauging,  extending  across 
a  channel  at  right  angles  to  it,  when  the  back-water 

Tadle  of  Experimenlal  CoeffieUntsfor  Plaiik  Weirs  leaning  up^ream^ 
when  (he  crest  has  the  doum-stream  arris  rounded  to  a  quadrant ;  and 
when  the  crest  is  cylindrical  and  projecting  up-stream  in  the  form  of 
a  knob. 


Head  A 
in  feet. 

Plank  w«)ir  leaning  up>8tream 
one-third  to  one;    the  lower, 
arris  of  crest  rounded  off  to  a 
quadrant  of  a  circle  with   a 
radius  the  full  thickness  of 
the  plank. 

1     Plank  weir  leaning  upwards 
one-third   to   one,    the  crest 
rounded    and    proiectiug    in 
front  bevond  the  plank,  so  as  ; 
to  be  thicker  than  it                 j 

Water  free 

from  curve  of 

crest  -IS  foot 

thick. 

Water  in 
contact  with 
cunre  of  crest 
•17  foot  thick. 

Water  in 
contact  with 
curve  of  crest 
•S  foot  thick. 

Water  in 
contact  with 
curve  of  crest 
'33  foot  thick. 

•16 
•20 
•23 
•26 
•30 
•33 
•36 
•39 
•43 
•46 
•49 
•58 
•56 
•59 
•63 
•66 
•69 
•72 

•589 
•589 
•594 
•612 
•633 
•642 
•649 
•655 
•661 
•667 
•675 
•679 
•685 

•  •  ft 

•  •  • 

•  •  • 
ft  •  • 

•651 
•672 
•697 
•697 
•721 
•747 
•766 
•768 
•795 
•802 

* 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

«  •  • 

•604 
•625 
•648 
•669 
•687 
•702 
•715 
•729 
•741 
•753 
•762 

•  •• 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•670 
•686 
•700 
•714 
•727 
•741 
•758 
•765 
•776 
•786 
•796 
•802 
•808 
•813 

below  was  joined  to  the  head-water  at  passing  over^  and 
when  there  was  no  air  between : — 

feet   feet   feet   feet   feet   feet   feet    foet 

HeUhtofwdr  over  the  bottom  of)  .QQ      -83     IDO    116    VW    1^48    l-«6    2-OCK 
the  channel  below  .  •    >  I 

Heads  passing  ovw  the  weir  in  each  ) 
case,  when  absorbed  at  the  crest  ^-23      -31       SB      ^45      '51      'SO      •66      •V'i 
into  the  book-water  .) 
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Avhicli  shows  that  the  head  was  drowned  {noyee)  when 
the  depth  of  the  lower  channel  below  tlie  crest  of  the 
weir  was  less  than  2\  times  the  head  passing  over, 
taking  a  general  average. 

It  is  necessary  here  to  protest  against  the  nota- 
tion adopted  by  Boileau,  Morin  and  others,  of  giving 
only  two-thirds  of  the  coefficient  of  discharge,  Cd,  for 
notches  and  weirs,  instead  of  the  full  and  true  value. 
The  correct  formula  for  the  discharge  from  a  notch  or 

weir  is  D  =  -  Z  A  V  2  gr  A.    Now  they  assume   a   coeffi- 

-cient  due  to  an  incorrect  foiinula  d  =:  I  h  \/  2  g  h, 

which  reduces  q  to  -  c^  to  give  the  same  final  results. 

This  leads  also  to  an  unnecessaiy  distinction  between 
the  coefficients  of  orifices  at  the  surface,  or  notches, 
4iud  orifices  sunk  to  some  depth,  which,  practically, 
Jiave  the  same,  or  nearly  the  same,  general  value.  Mr. 
Hughes,  at  p.  828  of  his  useful  treatise  on  Water-works, 
iirst  edition,  falls  into  the  same  error,  for  the  theore- 
tical dischai'ge  per  minute  over  a  weir  one  foot  long  is 

4^21  h^f  and  not  481  A^  as  he  sanctions.  In  the  edition 
of  1872,  however,  p.  876,  he  gives  both,  with  a 
^common  factor  ni,  giving  Mr.  Blackwell  as  an  autliority 
for  the  former.  The  factor  m  must  be  the  coefficient 
•of  discharge  and  cannot,  in  the  same  case,  have  two 
<liflFerent  values.  The  coefficients  for  a  notch  and  an 
orifice  are  stibstantiaUy  the  same  if  correct  formidae  for 
4lie  theoretical  discliarges  be  adopted. 
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SECTION  IV. 

TABIATIONS  IN  THE  COEFFICIENTS  ITIOM  THE  POSmON" 
OF  THE  ORIFICE. — GENERAL  AND  PARTIAL  CONTRAC- 
TION.  VELOCITY   OF  APPROACH. CENTRAL  AND  MEAK 

VELOCITIES. — PRACTICAL     FORMULA     FOR     THE     DIS- 
CHARGE  OVER  WEIRS  AND  NOTCHES. 

A  glance  at  Table  I.  will  show  that  the  coe£Bicients. 
increase  as  the  orifices  approach  tlie  surface,  to  a 
certain  depth  dependent  on  the  ratio  of  the  sides,  and 
that  this  increase  increases  with  the  nitio  of  the  length 
to  the  depth  :  some  experimenters  have  found  the 
increase  to  continue  uninterrupted  for  all  orifices  up  to* 
the  sm-face,  but  this  seems  to  hold  only  for  depths, 
taken  at  or  near  the  orifice  when  it  is  square  or  nearl}' 
so  :  it  has  also  been  found  that  the  coefiicient  increases 
as  the  orifice  approaches  to  the  sides  or  bottom  of  a 
vessel :  as  the  contraction  becomes  imperfect  the  co- 
efficient increases.  These  facts  probabl}'^  aiise  fix)m 
the  velocity  of  approach  being  more  direct  and  concen- 
trated under  the  respective  circumstances.  The  lateral 
orifices  A,  B,  c,  D,  E,  F,  G,  H,  I,  and  k,  Fig.  11,  have 
coefficients  differing  more  or  less  from  each  other.  The 
coefficient  for  a  is  foimd  to  be  larger  than  either  of 
those  for  b,  c,  e,  or  d  ;  that  for  g  or  k  laiger  than  that, 
for  H  or  I ;  that  for  h  larger  than  that  for  i ;  and  that 
for  F,  where  the  contraction  is  general,  least  of  all.. 
The  contraction  of  the  fluid  on  entering  the  orifice  p 
removed  frcm  the  bottom  and  sides  is  complete;  it  is. 
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termed,  therefore,  "general  contraction ;"  that  at  the 
orifices  A,  E,  o,  H,  I,  K,  and  d.  Is  interfered  mth  by  the 
sides ;  it  is  therefore  incomplete,  and  termed  "pariud 
contraction."  The  increase  in  the  coefficients  for  the 
samc'sized  orifices  at  the  same  mean  depths  may  be 


Figf.ll 


assumed  as  proportionate  to  the  length  of  the  perimeter 
at  which  the  contraction  is  partial,  or  from  which  the 
lateral  flow  is  shut  off ;  for  example,  the  increase  for 
the  orifice  o  is  to  that  forHascd+(ie:(ie;  and  in 
the  same  manner  the  increase  for  o  is  to  that  for  b  as 
cd  +  de  :  cd.  Ifnbe  put  for  the  ratio  of  the  con- 
tracted portion  cd e  io  the  entire  perimeter,  and,  as 
before,  c^  for  the  coefficient  of  general  contraction,  then 
the  coefficient  of  partial  contraction  is  equal  to 
(8S.)  Cd  +  -09  ra  =  ("a  +  *1  n  nearly, 

for  rectangular  orifices.  The  value  of  the  second  term 
'09  n  is  derived  from  various  experiments.  If  '617  be 
taken  for  the  mean  value  of  c^,  the  expression  may  be 
changed  into  the  form  (1  +  '146  n)  Cj.  'When  n  =  ^, 
this  becomes  1'036  c^ ;  when  n  =  ^,  it  becomes  1*07S 
c  ;  and  when  n  =  \,  contraction  is  prevented  for 
three-fourths  of  the  peiimeter,  and  the  coefficient  for 
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partial  contraction  becomes  1'109  c^.  The  form  which 
is  given  in  equation  (85)  is,  however,  the  simplest ; 
but  the  value  of  n  must  not  exceed  f .  If  in  this  case 
c^  =  'eiT,  the  coefficient  for  partial  contraction  be- 
comes -617  +  -09  X  J  =  -617  +  -067  =  -684.  Bidone's 
experiments  give  for  the  coefficient  of  partial  contrac- 
tion (1  +  -152  n)  Cd ;  and  Weisbach's  (1  +  -182  n)  c^. 

VARIATION  IN  THE   COEFFICIENTS  FROM  THE   EFFECTS 
OP  THE   VELOCITY  OF  APPROACH. 

Heretofore  it  has  been  generally  supposed  that  the 
water  in  the  vessel  is  almost  still,  its  surface  level  un- 
changed, and  the  vessel  consequently  large  compared 
w^ith  th«  ai-ea  of  the  orifice.  When  the  water  flows  in 
a  channel  to  tlie  orifice  with  a  perceptible  velocity,  the 
contracted  vein  and  the  discharge  are  both  foimd  to  be 
increased,  other  circumstances  being  the  same.  If 
the  area  of  the  vessel  or  channel  in  front  exceed  thirty 
times  that  of  the  orifice,  the  discharge  will  not  be  per- 
ceptibly increased  by  the  induced  velocity  in  the  con- 
duit ;  but  for  lesser  areas  of  the  approaching  channel, 
corrections  due  to  the  velocity  of  approach  become 
necessary.  It  is  clear  that  this  velocity  may  arise 
from  either  a  surface  inclination  in  the  channel,  an 
increase  of  head,  or  a  small  channel  of  approach  sup- 
plied in  some  way. 

Equation  (6)  gives  the  discharge  from  a  rectangular 
orifice  A,  Fig.  12,  of  the  length  I,  with  a  head  measured 
from  still  water 


ORIFICES,    WEins.  PIPES,  AND  RIVERS.  S9 

in  which  /t),  and  /i(  ore  measured  to  the  surface  at  some 
distance  back  from  the  oriiice,  as  shown  in  the  section. 
The  water  here,  however,  must  move  along  the  channel 
towards  the  ori&ce  with  considemble  velocity.  If  A  be 
the  area  of  the  orifice,  and  c  the  area  of  the  channel, 
it  may  be  supposed,  with  tolerable  accuracy,  that  this 


VLdocity  is  equal   to  -I'o,  in  which  to  represents  the 

mean  velocity  in  the  orifice.  If  the  velocity  of  approach 

lie  represented  by  i'„  then 

(36.)  ^.  =  5  X  ^». 

and  consequently  tlie  theoretical  height  due  to  it — the 

same  as  when  there  is  no  contraction  at  the  vena^coa- 

tracta — is 

A.=  *x-l2  --OlSSi^l; 

and  taking  the  head  due  to  contraction, 
&c.,  into  account 

A.  =  ^xJJ4  =  -0156^}; 

in  feet  measurea.*     The  height  fi,  may  be  considered 

*  Wban  tho  approicliiiig  velocity  puiei  throng  the  orifica  without 
contnctioii,   it  it  evident  that  the  h«>d  A,,  reqnirad  to  produce  lliat 


(S7.) 
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as  an  increase  of  head,  converting  Ab  ^^  ^'b  +  l^a>  ^^^ 
hx  into  h^  +  fca-  The  discharge  therefore  now  be- 
comes 

(88).      D  =  I c^W^  I  (/lb  +  W'  -{h  +  hj  }  ; 
which,  for  notches  or  weirs,  is  reduced  to 

(890        T>=^cJV^{{h  +  fJ-  h,^Y* 

as  hi  then  vanishes.  As  d  is  also  equal  to  a  X  t'oi  equa- 
tion (87)  may  be  changed  into 

/  !>'  V    1   __ -01550*  \ 

and  taking  the  head  due  to  contraction^ 
(&c.,  into  account. 


(40.) 


D» 


_  1     _  '0155  p' ) 


V    •""  c*       is^f  cj 
in  feet  measures. 

If  this  value  for  h^  be  substituted  in  equations  (88) 
and  (89),  the  resulting  equations  will  be  of  a  high 
order  and  do  not  admit  of  a  direct  solution ;  and  in 

Telocity  in  the  orifice,  with  conlraduni  cutside  at  the  vena-conirada, 
muBt  be  h«  —  r,j    x  o  a  x  c*  instead  of  A,  =  -^j  x   «  V      ^^    ^^ 

manner  A.  =    •     '.r~   =  '04  vl  in  feet  meaaores  when  v.  is  the  velo- 
cs  X  z  g 

city  of  approach  and  C4  »  '617. 

*  The  formula  for  the  dischaige  over  weirs,  taking  into  account  th& 

Telocity  of  approach,  d  =  2*96  c,  I  V  A  +  '115  v2,  given  by  D'Au- 

buisson,   "Traite  Hydraulique,"  aeconde  ^tion,  pp.   78  et  95,  and 

adopted  by  some  English  writera  and  engineers,  is  incorrect  in  principle. 

In  feet  measures  it  becomes  d = 5  '35  c^  Ih  x  V  A  -f  '03494  ^2  which 

/orm,— with  alterations  in  the  numerals  and  measures,  was  used  for 

calculating  dischai^ges  of  sewers  during  the  Metbofoutan  Maix 

DfiAiNAos  discussion. 
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(88)  and  (39),  as  they  stand,  h^  involves  implicitly^ 
the  value  of  d,  which  is  what  is  sought  for.  By- 
finding  at  first  an  approximate  value  for  the  velocity 
of  approach,  the  height  h^  due  to  it  can  easily  be 
found,  equation  (87);  this  height,  substituted  in  equa-^ 
tion  (88)  or  (89),  will  give  a  closer  value  of  d,  fi-om 
which  again  a  more  correct  value  of  /i,  can  be  deter- 
mined ;  and  by  repeating  the  operation  the  values  of 
1)  and  //a  can  be  had  to  any  degree  of  accuracy.  In 
general  the  values  found  at  tlie  second  operation  will 
be  sufficiently  correct  for  all  practical  purposes. 

It  has  been  already  observed  that,  for  orifices,  it  is. 
advisable  to  find  the  discharge  fi'om  a  formula  ia 
which  only  one  head,  that  at  the  centre,  is  made- 
use  of;  and  tliough  Table  IY.,  as  shall  be  shown,, 
enables  us  to  calculate  the  discharge  with  facility  from 
either  formula,  it  will  be  of  use  to  reduce  equation 
(88)  to  a  form  in  which  only  the  head  (/i)  at  the  centre 
is  used.  The  error  in  so  doing  can  never  exceed  six 
per  cent.,  even  at  small  depths,  equation  (81),  and  this, 
is  more  than  balanced  by  the  observed  increase  in  the 
coefiicients  for  smaller  heads. 

The  formula  for  the  discharge  from  an  orifice,  hy 
being  the  head  at  the  centre,  is 

and  when  the  additional  head  A.,  due  to  the  velocity  of 
approach,  is  considered, 

»  =  ^d  Vii^(/i  +  /0  ^  ^' 
which  may  be  changed  into 

(41.)*  D  =  A^277tXCd|l  +  **  Y' 

*  See  equation  (41  a).  Section  VII.  infra. 
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equation  (89),  for  notches,  may  be  also  changed  to  the 
form 

this  is  similar  in  every  way  to  the  equation 

<43.)  D = f A v^Td  X  '•a  { (i + 1)' - {~i  y } ' 

for  the  discharge  from  a  rectangular  orifice  whose 
<lepth  is   d,   with  the   head   ht,  at   the   upper   edge. 

Table  III.  contains  the  values  of  -!   1  +  -^  [  *  in 

(.  h    ) 

equation  (41),  and  Table  IV.  the  values  of 

•f  1  +  -*  y  —  l-~  V  in  equation  (42),  or  the   similar 

expression  in  (48),      -^  or^  being  put  equal  ton;  and 

it  may  be  perceived  that  the  eflfect  of  the  velocity  of 
approach  is  such  as  to  increase  tlie  coefficient  from  c^ 

to  Cd  i  1  +  T^  >•  *  for  orifices  sunk  some  distance  be- 
low the  surface,  in  which  h  is  the  depth  of  the  centre  of 
the  orifice ;  and  into 

for  weirs  when  h^  is  the  height  due  to  the  velocity  of 
approach,  and  h^  the  head  on  the  weir.  A  few  ex- 
amples, showing  the  application  of  the  formulsB  (41) , 
(42),  and  (48),  and  the  application  of  Tables  I.,  II., 
III.,  and  IV.  to  them,  will  be  of  use.  Suppose, 
for  the  present,  the  velocity  of  approach  v^  to  be 
given,  and  no  extra  head  required  to  maintain  it 
through      the     orifice  :     in     other     words,     when 
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7i»  =  ^r- —  *^-^.o  —  '017  vl  in  feet  measures  nearly. 

Example  I.  A  rectangular  orifice^  12  inches  wide 
by  4  inches  deep,  has  its  centre  placed  4  feet  beloiu 
the  surface,  and  the  water  approaches  the  head  with 
a  velocity  of  28  inches  per  second ;  what  is  the  dis- 
charge ? 

For  an  orifice  of  the  given  proportions,  and  sunk 
to  a  depth  nearly  four  times  its  length,  find  from 
Table  I. 

c^=«!L+«7=.621  nearly. 

As  the  cbeflScient  of  velocity,  equation  (2),  for  water 
flowing  in  a  channel  is  about  'OSG,  find  from  column 
No.  8,  Table  II.,  the  height  h^=li  =  1-125  inch 
nearly,  corresponding  to  the  velocity  28  inches.  Equa- 
tion (41), 

now  becomes 

D=12x4V2p  x-621  I  1  +-'iJ^  It 

Also  find  v'2a7t  =192*6  inches,  when  A=48  inches, 
in  Table  U.  ;  therefore 

D=12  X  4  X 192-6  X  -621 1  1  +^  \  * 

=9244-8  X  -621  {1  -f  -0234}!  =  92448  x  '621  x  1'0116, 

(as  {1-0234}^ -1-0116  from  Table  III.)=9244-8  X  -628 
nearly  =  5805-7  cubic  inches  =  8-36  cubic  feet  per 
second.  Or  thus :  The  value  of  -621  X  (1-0284) 
being  found  equal  '628,  D=AX'628V2^x4a  Now 
for  the  coefficient  '628,  and  /i=48  inches,  Table  II. 
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{ 


gives  us  '628  \/2  ^  X  48  =  120-96  inches ;  hence  d  = 
12  X  4  X  120-96  =  5806-08  cubic  inches  =  8-86  cubic 
feet,  the  same  as  before,  the  difference  of  *88  in  the 
•cubic  inches  being  of  no  practical  value. 

If  7/a  be  found  from  the  formula  h^^=  — *  _ ,  then  is 

//ifc=2-6  inches,  and  the  discharge  becomes  d=8'40 
•cubic  feet  nearly. 

If  the  centre  of  the  orifice  were  within  1  foot  of  the 
surface,  the  eifect  of  the  velocity  of  approach  would  be 
much  greater  ;  for  then 

^d  X  I  1  +1'  }  ^  =  (from  Table  I.)  '628 

1  +^f  j  ^  =  (from  Table  III.)  '628  x  1-047= 

"652  instead  of  *628.     In  this  case  the  discharge  is  d  = 

12x4x  -652  sj'^g  x  12=12  x  4  x  •652x96-8  (from 
Table  II.)  =  12  x  4  x  62-8  =  8014*4  cubic  inches  = 
1-744  cubic  feet  per  second.     Or  find  the  value  of  -652 

V  2  g  h  directly  from  Table  II.  thus  : 

The  value  of  -628  V  2  (/  x~12  =  60-48    '628 

The  value  of  '666  V  2  .a  X  12  =  64-14    -662 

"SS  i  1F66  : :"~24  :  2-81. 

Hence  '652  s/^h  =  60-48  -f  2-31  =  62'79,  and  tlie 
discharge  =  12  x  4  x  62-79  x  8018-92  cubic  inches  = 
1*744  cubic  feet  per  second,  the  same  as  before. 

If  h^  be  taken  equal  to      *^  =  2-6  inches,  then  tlie 

^gcl 

resulting  value  of  d  =  1-888  cubic  feet  nearly. 

Example  II.  A  rectangular  notch,  7  feet  long,  has 
u  head  of  8  inches  measured  at  abovt  4  feet  alove  the 
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crest,  and  the  water  approaches  the  over-fall  with  a 
velocity  of  16J  inches  per  second;  what  is  the  dis- 
charge  ? 

For  a  still  head  assume  Cd  =  *628  in  this  case,  and 
then  from  equation  (42) 

-|.V27i.x.{(i+t)''-(J-)'j- 

As  in  the  last  example,  find  from  Table  II.  (AJ  the 
height  due  to  the  velocity  of  approach  (16J  inches)  to 

be  J  =  8*876  inch,  assuming  the  coefficient  of  velocity 

to  be  -956.     Therefore,  h^  =  -375,  h^  =  8,  Cd  =  -628, 

and  A  =  7  X  12  X  8  ;    or  for  measures  in  feet  7-* 

=  '047,  feb  =  Tf  and  a  =  7  X  -r ;  hence 

i>=lx7x  j/ig  xix  -6281  (1-047)^-  (•047)* j  . 

The  value  of   (1-047)^  -  (-047)'  wiU  be  found  from 


of  Vf 


Table  IV.  equal  to  1*0612 ;  the  value  of  «y  2  ^  X  - 

will  be  found  from  Table  II.  equal  to  6*652,  viz.  by 
dividing  the  velocity  78*680,  to  be  found  opposite  8 
inches,  by  12 ;  hence 

D  =  4x7x^x  6-552  X  -628  x  1*0612 
=  1^  X  7  X  4*868  X  -628  x  1*0612 
=  I  X  7  X  4*868  X  '666  nearly. 
=  V  X  7  X  2-909  =  7  X  1*989 

3 

=  18-673  cubic  feet  per  second  =  814-88  cubic  feet 
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per  minute.  Or  thus:  From  Table  VI.,  when  tli& 
coefficient  is  '628,  the  discharge  from  a  weir  1  foot 
long,  with  a  head  of  8  inches,  is  foimd  to  be  109*781 
cubic  feet  per  minute.     The  discharge  for  a  weir  7  feet 

long,  when  -•  =  "047  is   therefore    109*731  X  7  X 

h 

1*0612  =  815*12  cubic  feet  per  minute.    The  difference 

between  this  value  and  that  before  found,  814*38  cubic 

feet  is  immaterial,  and  has  arisen  from  not  continuing 

aU  the  products  to  a  sufficient  number  of  places  of 

decimals. 

If  K  =  ft— S  =  '87  inch,  then  d  =  14*5  cubic  feet 

per  second,  or  870  cubic  feet  per  minute  nearly. 

In  equations  (86)  and  (37),  the  relations  between  the 
channel,  orifice,  velocity  of  approach,  and  velocity  in 
the  orifice,  are  pointed  out,  viz., 


t\  =  -  X  Vo,  and  *a  =  12  X 


c»       2^      2gc?/ 

-.2 

in  which  Ik  =  ~- 

2, 

(neglecting,  for  the  present,  the  coefficient  of  velocity 
in  passing  through  the  orifice).     As  t'o  is  the  actual 

velocity  in  the  orifice,  -^  must  be  the  theoretical  velocity 

due  to  the  head  h  +  h,,^  and  therefore 

h  -f  A^  =  _!<>_, and /»==-,-4r----  ^; 
clx^Ag  cSx2j      ig 

hence 

A»  =  1  _       gg^i       =     A*'-      for  !i  _  ^' 

h       _r2_  _  1  ~t^  -  cS  fi      c«  -  c?i  A» '       e^- A-- 

vl  X  cl 
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And  therefore 
(44.) 


K  —       dA —       ^d 


h       c*  —  cl  A?       m^  —  Cd 
substituting  this  value  in  equations  (41)  and  (42),  there 
results 

(^-SO 

in  which  m  =  - ,  for  the  discharge  from  an  orifice  at 
some  depth ;  and  for  the  discharge  from  a  weir, 
(46.)    .  =  i^^J^.c.{{l  +  -^y- 

The  last  two  equations  give  the  discharge  when  the 
ratio  of  the  channel  to  the  orifice  -  =  m  is  known,  when 

hf^=  -±y  and  when  at  the  same  time  the  whole  quantity 

of  water  passing  through  the  orifice,  that  due  to  the 
velocity  of  approach  as  well  as  that  due  to  the  pres- 
sure,  is  supposed  to  suffer  a  contraction  whose  coefficient 
is  Cd- 


V 


J 


When  A.  =- — *- — s-,  that  is  when  the  velocity  of 
2flf  X  4 

approach,  v^,  passes  through  the  orifice  without  con- 
traction, we  shaU  get 

(44a.)  ^=        *"'  ^  ^      = 


to  —  ti       c^  —  A*        m^  —1 

B 
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consequently,  in  this  case,  equation  (45)  becomes 
.(45a.)  D  =  A  VT^  X  Cd  X    I  1  + -^2~j-  1  ^  = 

:and  equation  (46)  in  like  manner  changes  into  . 
<46a.)  D  =  I  A  'sJTJK  ^  ''^^    {  (^  "•"  ;j~ri  y 

The  last  multipliers  of  tliese  two  equations, 

the  same  as  the  like  multipliers  in  (45)  and  (46),  when 
<?d,  within  the  brackets  =  1 ;  consequently  their  values 
are  at  once  found  from  the  coefficient  unity,  1,  in  the 

last  page  of  Table  V.,  for  the  respective  values  id 

c  ^1 

m  =  -:  and  also  for  those  of  ~  =  — = .     When 

a'  hi,      m^  -  1 

Cd  =  1,  equations  (45)  and  (45a)  may  be  changed  into 

the  particular  case 

which  is  the  equation  of  Daniel  Bernoulli. 
When  A  =  c,  or  the  orifice  is  equal  to  the  chaimely 

then  —^ becomes  infinite,  and  hence  h  must  be  zero. 

m*—  1 

Indeed,  this  assumption  cannot  be  made  consistently, 

for  any  given  depth  of  water ;  and  the  ratio  m  can  never 

become  so  small  as  unity.    A  full  discussion  of  the 
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• 

theoretical  question  would  be  out  of  place  here.  It  is 
only  necessary  to  observe,  that  the  two  last  columns  in 
Table  V.  give  the  multipliers  of  c  in  equations  (45a) 

and  (46a)  to  find  the  coefficients  suited  to-  =  m,  which 

in  practice  should  seldom  or  never  be  less  than  2. 

Ifn  =  —^—-,  the  values  of  j  1  +  --^ — -|*' 
mr  ^  cl  I  mr  —  ci  ) 

and  of  jl  +  -^A-  I*  -  \-A-I  l*>  ^8Pe<^- 

tively,  can  be  easily  had  from  Tables  III.  and  IV. 
Table  V.  has,  however,  been  calculated  for  different 
ratios  of  the  channel  to  the  orifice,  and  for  different 
values  of  the  coefficient  of  discharge.  This  table  gives 
at  once  the  values  of 


at  new  coefficients,  and  the  corresponding  value  of 

in  equations  (44)  and  (46). 

It  is  equally  applicable,  therefore,  to  equations  (41) 

and  (42)  as  to  equations  (45)  and  (46).     For  instance, 

here  at  once  is  found  the  value  of  '628  X  {  (1*047)^  — 

(•047)?}  in  Example  II.,  p.  95,  equal  to  -666,  as  ^  = 

K 

*047,  and  the  next  value  to  it  for  the  coefficient  *628, 
in  the  table,  is  *046,  opposite  to  which  is  found  '666, 
the  new  coefficient  sought.  The  sectional  area  of 
the  channel  in  this  case,  as  appears  from  the  first 

H  2 
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column,  must  be  about  three  times  that  of  the  weir  or 
notch. 


When   ^  = 


m 


«  -  1 


.8   _ 


then    in   Ex- 


ample 


n.  ^  =  -11  and  /^l  +  ^^  -  ("^Y  =  1'188. 

Table  IV.  (or  Table  V.  for  the  coefficient  1).  Hence 
in  this  case  '628  x  1'188  =  '712  the  new  coefficient 
suited  to  the  velocity  of  approach.    Here  of  course  A^  = 


ti 


(see  Note,  p.  89). 


Table  Y.  is  calculated  from  coefficients  c^,  in  still 
water,  which  vary  from  '650  to  1.  Those  from  '606 
to  '660,  and  the  mean  value  '628  are  most  suited  for 
application  in  practice.  When  the  channel  is  equal 
to  the  orifice,  the  supply  should  equal  the  discharge, 
and  for  open  channels,  with  the  mean  coefficient 
'628,  we  find,  accordingly,  from  the  table,  the  new 
coefficient  1'002  for  weirs ;  or  1  very  nearly  as  it 
should   be.      It  is  also    found   in   the   same    case, 

viz.,  when  a  =  c,  and 
Cd  =  '628,  that  for  short 
tubes,  Fig.  IS,  the  resulting 
new  coefficient  becomes  •807- 
This,  as  will  afterwards  be 
seen,  agrees  very  closely 
with  the  experimental  results.  When  the  coefficients 
in  still  water  are  less  than  *628,  or  more  correctly 
*62725,  the  orifice,  according  to  this  formula,  cannot 
equal  the  channel  unless  other  resistances  take  place, 
such  as  from  friction  in  tubes  longer  than  one  and  a 
half  or  two  diameters,  or  in  wide-crested  weirs.    For 
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greater  coefficients  the  junction  of  the  short  tube  with 
the  vessel  must  be  rounded, 
Fig.  14,  on  one  or  more 
sides;  and  in  weirs  or 
notches  the  approaches 
must  slope  from  the  crest 
and  ends  to  the  bottom  and 
sides,  and  the  overfall  be 
sudden.  The  converging  form  of  the  approaches  must, 
however,  increase  the  velocity  of  approach ;  and  there- 
fore v^  is  greater  than  -z  >^  %  when  c  is  measured  be- 
tween r  0  and  b  o.  Fig.  14,  to  find  the  discharge,  or 
new  coefficient  of  an  orifice  placed  at  r  o. 

As  the  coefficients  in  Table  Y.  are  best  suited  for 
orifices  at  the  end  of  short  cylindrical  or  prismatic 
tubes  at  right  angles  to  the  sides  or  bottom  of  a  cistern, 
a  correction  is  required  when  the  junction  is  rounded 
off  as  at  R  o  r  o.  Fig.  14.  When  the  channel  is  equal 
to  the  orifice,  the  new  coefficient  in  equation  (45) 
becomes 

The  velocity  in  the  short  tube  Fig.  14  is  to  that  in 

the  short  tube  Fig.  18  as  1  to  c^  ]  TTI^a  f '  nearly, 

for  the  mean  value  c^  =  *628,  as  1  to  *807.    Now,  as 

—  is  assumed  equal  to  —    in  the  cylindrical  or  pris- 

*R07  c        V 
matic  tube.  Fig.  18,  — - —  =  -^  in  the  tube  Fig.  14 

with  the  rounded  junction,  for  v^  becomes  .^^ ;  hence. 


or 
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in  order  to  find  the  discharge  from  orifices  at  the  end 
of  the  short  tube,  Fig.  14,  it  is  only  necessary  to  mul- 
tiply the  numbers  representing  the  ratio  --  in  the  first 
column.  Table  V.,  by  '807,  or  more  generally  by  c^ 

\  ..  ^  a  f  i  a>id  fiiid  the  coefficient  opposite  to  the 
product.      Thus  if  c^  =  '628,  then,  when  ■-  =  1,  c^  x 

I  fZ7a} ^  =  *807  in  the  table.     If,  again,  ^    =    8, 

then  8  x  -807,  =  2-421,  the  value  of  ^-  for  the  tube 

Fig.  14,  and  opposite  this  value  of  -,  taken  in  column 
1,  there  is  found  '651  for  the  new  coefficient.  For  the 
cylindrical  or  prismatic  tube.  Fig.  18,  the  new  coeffi- 
cient would  be  only  '642.    When  the  head  h^  is  how- 

ever  equal  to    0*2  the  results    must    be    modified 

accordingly  (see  Note,  p.  89).*  When  h  is  measured 
from  still  water  in  a  cistern,  Figs.  18  and  14,  and  v,, 
the  velocity  of  approach  at  c,  in  a  short  tube,  inserted 
at  the  sides,  or  bottom,  then  we  must  take  A  —  ft*  for 
the  head,  h. 

*  Professor  Rankine  gives  the  value  of  the  coefficient  of  dischaige, 

or  contraction,  for  varying  values  of  A  and  c  at  a  diaphragm  in  a  pipe 

by  the  empirical  fonnula 

•618 

When  —  =  0,  C4  =  '618 ;  and  when-  =  1,  ^  =   1 ;  as  it  should  be 

very  nearly  for  an  orifice  in  a  thin  plate,  to  which  only,  and  to  an 
orifice  a  at  the  end  of  a  short  tube.  Fig.  14,  the  formula  is  suited  (see 
Section  X). 
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DIFFERENT  EFFECTS  OF  CENTRAL  AND  UEAN  VELOCITIES 
IN  A   SHORT  TUBE  AND   CHANNEL. 

There  is,  however,  another  element  to  be  taken  into 
consideration,  and  which  it  is  necessary  to  refer  to 
more  particularly  hereafter.  It  is  this,  that  the  central 
velocity,  directly  facing  the  orifice,  is  also  the  maximum 
velocity  in  a  short  tube,  and  not  the  mean  velocity. 
The  ratio  of  these  velocities  is  1 :  '885  nearly ;  hence, 

in  the  example,  p.  102,  where  --  =  8,  we  get  8  x  *886 

=  2*505  for  the  value  of  -  in  column  1,  Table  V., 

opposite  to  which  is  found  '649,  the  coefi&cient  for  an 
orifice  of  one-third  of  the  section  of  the  tube  when 
cylindrical  or  prismatic.  Fig.  18 ;  and  8  x  '885  x 
•807  =  2*02  nearly,  opposite  to  which  we  shall  get 
*661  for  the  coefficient  when  the  orifice  is  at  the  end 
of  the  short  tube.  Fig.  14,  with  a  rounded  junction. 

Therefore,  --   x    '835  equal  to   the  new  value  of  - 

for  finding  the  discharge  from  orifices  at  the  end 

of   cylindrical  or    prismatic  tubes,   and  -    x    '885 

X    '807  =  -   x    '67  nearly  for  the  new  value  of 

--  when  finding  the  discharge  from  orifices  at  the 

end  of  a  short  tube  with  a  rounded  junction. 

The  ratio  of  the  mean  velocity  in  a  tube  to  that 
facing  the  orifice  cannot  be  less  than  '885  to  1,  and 
varies  up  to  1  to  1 ;  the  first  ratio  obtaining  when 
the  orifice  is  pretty  small  compared  with  the  section  of 


104 


THM  DISCHARGE  OP  WATER  PROM 


the  tube,  and  the  other  when  they  are  equal.     K  the 

curve  D  Cy  whose  abscissae  (a  h)  represent  the  ratio  of 

the  orifice  to  the 
section  of  the  tube, 
and  whose  ordi- 
nates  (6  c)  repre- 
sent the  ratio  of  the 
mean  velocity  in 
the  tube  to  that 
facing  the  orifice,  be 

supposed  to  be  a  parabola,  then  the  following  values 

are  found : — 


Batio  of  fhe  orifice 

to  the  channel,  or 

▼aluoB  of 

A       a6 

0          AB 

Values  of 
de 

Ratio  of  the  meen 
▼elocityof  ainiroach 
In  a  tube  or  channel 
to  that  directly  op- 
posite the  orifloe, 
or  values  of  6  c 

•0 

•166 

•836 

•1 

•168 

•887 

•2 

•168 

•842 

•8 

•160 

•850 

•4 

•139 

•861 

•5 

•124 

•876 

•6 

•106 

•894 

•7 

•084 

•916 

•8 

•069 

•941 

•9 

•081 

•969 

1-0 

•000 

1^000 

These  values  of  6  c  are  to  be  multiplied  by  the  cor- 
responding ratio  7  in  order  to  find  a  new  value, 

opposite  to  which  will  be  found,  in  the  table^  the 
coefficient  for  orifices  at  the  ends  of  short  prismatic 
or  cylindrical  tubes ;  and  this  new  value  again  mul- 
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tiplied  by  '807,  or  more  generally  by  c^  \- ^^  [*,  will 

give  another  new  value  of  -,  opposite  to  which,  in  the 

table,  will  be  found  the  coefficient  for  orifices  at  the 
ends  of  short  tubes  with  rounded  junction. 

Example  III. — 
What  shall  be  the 
discharge  from  an 
oriftce  a,  Fig.  16, 
2  feet  long  by  Ifoot 
deep,  when  the  value 

of  -is  ^,  and  the 

depth  of  the  centre 
of  xl  foot  6  inches 
below  the  surface  ? 

The   theoretical  discharge  is  d  =  2   x  1  x 

(Table  II.)  =  2  x  9-829  =  19*658  cubic  feet  per 
second.  From  the  table  on  last  page  the  coefficient 
for  the  mean  velocity,  facing  the  orifice,  is  about  '86  ; 

hence  ^  x  -86  =  8  x  -86  =  2-58.     If  the  coefficient 

be  taken  firom  Table  I.,  it  is  found  (opposite  to  2, 
the  ratio  of  the  length  of  the  orifice  to  its  depth) 
to  be  '617 ;  and,  for  this  coefficient,  opposite  to  2'58, 
in  Table  V.,  or  the  next  number  to  it,  the  required 
coefficient  '686  is  found ;  hence  the  discharge  is  '686 
X  19'668  =  12-502  cubic  feet  per  second.  If  the 
coefficient  in  still  water  be  taken  at  '628,  then  we  shall 
obtain  the  new  coefficient  '647>  and  the   discharge 

*  See  pp.  97  and  98,  with  reference  to  the  modifications  of  equations 


U7-W5 

13 


(45)  and  (46)  into  (45a)  and  (46a)  suited  to  A.  = 


2ge2 
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would  be  -647  x  19-668  =  12-719  cubic  feet.  If  the 
junction  of  the  tube  with  the  cistern  be  rounded,  as 
shown  by  the  dotted  lines,  then  multiply  2-68  by  '807, 
which  giv^s  2*08  for  the  new  value  of  -,  opposite 
which,  in  Table  V.,  when  the  first  coefficient  is  -628, 
the  new  coefficient  '659  is  found ;  and  the  discharge  in 
this  case  would  be  "669  x  19'658  =  12-955  cubic  feet 
per  second. 

It  is  not  necessary 
to  take  out  the  coeffi- 
cient of  mean  velocity 
&cing  the  orifice  to 
more  than  two  places 
of  decimals.  For 
gauge  notches  in  thin 
plates  placed  in 
streams  and  millraces,  Fig.  17,  the  mean  coefficient 
•628,  for  still  water,  may  be  assumed  ;  thence  the  new 
coefficient  suited  to  the  ratio  -  may  be  found,  as  in 
the  first  portion  of  Example  III. 

When  A,  is  taken  equal  to  n~z~i  then  from  TableV. 
with  a  coefficient  of  1,  and  2*58  for  the  ratio  of  the 


channel  to  the  orifice,  the  value 


M 


i  +  - 


in  equation  (46a)  is  1-086.  Hence  the  discharge  is 
19-668  X  -617  X  1-086  =  19-658  x  -6694  =  13-16 
cubic  feet  per  minute  in  this  case. 

Example  PV.  What  shall  be  the  discharge  through 
the  aperture  a,  equal  2  feet  hy  \foot,  when  the  channel 
is  to  the  orifice  as  3*376  to  1,  and  the  depth  of  the 
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centre  is  1'25  foot  below  the  surface y  taken  at  abawt  8 
feet  above  the  orifice  ? 

Here  the  coefficient  of  the  approaching  velocity  is 

•86  nearly,  whence  the  new  value  of  -  is  8'875  x  'BS 

=  2'87 ;  and  as  c^  =  '628,  from  Table  V.  the  new 
coefficient  is  *644.    Hence 

D=2xlx  ^  x-644  (Table n.)=  2 X  8-972  X -644 

=  17*944  X  -644  =  11-556  cubic  feet  per  second. 
Weisbach  finds  the  discharge,  by  an  empirical  formula, 
to  be  11*81  cubic  feet.  If  the  coefficient  be  sought  in 
Table  I.,  it  is  -617  nearly,  from  which,  in  Table  V., 
the  new  coefficient  is  found  to  be  '682 :  hence  17-944 
X  -682  =  11*841  cubic  feet  per  second.  If  the  co- 
efficient '6225  were  used,  the  new  coefficient  equals 
*688,  and  the  discharge  11*468  cubic  feet.  Or  thus : 
The  ratio  of  the  head  at  the  upper  edge  to  the  depth 

of  the  orifice  is  -  =  -76,  and  from  Table  IV.  we  find 

(l-75)i  —  (*75)*  =  1'6665.  Assuming  the  coefficient 
to  be  -644,  find  from  Table  YI.  the  discharge  per 
minute  over  a  weir  12  inches  deep  and  1  foot  long 

S06'660-f- 906119 

which  is ^ =  206-884  cubic  feet  nearly ;  and 

as  the  length  of  the  orifice  is  2  feet,  then  '^^'^^^"^ 

=  11*482  cubic  feet  per  second,  which  is  the  correct 
theoretical  discharge  for  the  coefficient  *644,  and  less 
than  the  approximate  result,  11*656  cubic  feet  above 
found,  by  only  a  very  small  difference.  The  velocity 
of  approach  in  this  example  must  be  derived  from  the 
surface  inclination  of  the  stream. 

When  ft.  =  ^   *  .,,  then  with  a  coefficient  1  and  2*87 
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for  the  value  of  -  the  last  page  of  Table  V.  gives  1*067, 

by  interpolation,  for  the  value  of  -J  1  H ^ ^  j-  ^ 

in  equation  (45a)  see  pp.  112  and  118.  Hence  the 
discharge  is  17-944  x  "628  x  1-067  =  17*944  x 
•670  =  12*02  cubic  feet  per  second. 

For  notches,  or  Poncelet  weirs,  the  approaching 
velocity  is  a  maximum  at  or  near  the  surface.  If  the 
central  velocity  at  the  surface  facing  the  notch  be  1, 
the  mean  velocity  from  side  to  side  will  be  '914. 
Assume  therefore  the  variation  of  the  central  to  the 
mean  velocity  to  be  from  1  to  *914 ;  and  hence  the 
ratio  of  the  mean  velocity  at  the  surface  of  the  channel 
to  that  facing  the  notch  or  weir  cannot  be  less  than 
*914  to  1,  and  varies  up  to  1  to  1 ;  the  first  ratio 
obtaining  when  the  notch  or  weir  occupies  a  very 
small  portion  of  the  side  or  width  of  the  channel,  and 
the  other  when  the  weir  extends  for  the  whole  width. 
Following  the  same  mode  of  calculation  as  at  p.  104, 
Fig.  15,  the  following  results  will  be  obtained : — 


Ratio  of  the  width 

of  the  notch  to 

the  width  of 

thechoimel. 

Values  of 

dt. 
Fig.  15. 

Values  of 

6  c, 
Pig.  16. 

•0 
•1 
•2 
•3 
•4 
•6 
•6 
•7 
•8 
•9 
10 

•086 
•085 
•088 
•078 
•072 
•064 
•065 
•044 
•031 
•016 
•000 

•914 
•916 
•917 
•922 
•928 
•936 
•945 
•966 
•969 
•984 
1^000 
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These  values  of  &  c  are  to  be  used  as  before,  in 

order  to  find  the  value  of  -,  opposite  to  which  in  the 

tables,  and  under  the  heading  for  weirs,  will  be  found 
the  new  coefficient. 

Example  V.  The  length  of  a  weir  is  10  feet ;  the 
width  of  the  approaching  channel  is  20  feet;  the  head, 
Tneasured  about  6  feet  above  the  weir,  is  9  inches; 
and  the  depth  of  the  channel  8  feet:  what  is  the 
discharge  ? 

Assuming  the  ctrcumstances  of  the  overfall  to  be 
such  that  the  coefficient  of  discharge  for  heads, 
measured  from  still  water  in  a  deep  weir  basin  or 
leservoir,  is  '617,  then  from  Table  VI.  the  discharge 
is  128-642  X  10  =  1286*42  cubic  feet  per  minute ;  but 
from  the  smallness  of  the  channel  the  water  approaches 

the  weir  with  some  velocity,  and  -  =  77-;— j  =  8.   AI90 

the  width  of  the  channel  is  equal  to  twice  the  width  of 
the  weir,  and  hence  (small  table,  p.  108,)  8  x  '986 

=  7*488  for  the  new  value  of  --.  From  Table  V.  is 
now  found  the  new  coefficient — - —  =  '628,  and  hence 

1286'4S  X  "623 

the  discharge  is  — — —    =   1298*98    cubic  feet  per 

minute.  Or  thus:  As  the  theoretical  discharge. 
Table  VI.,  is  2084*96  cubic  feet,  then  2084*96  x 
•628  =  1298*93,  the  same  as  before.  In  this  example, 
however,  the  mean  velocity  approaching  the  oveifall 
bears  to  the  mean  velocity  in  the  channel  a  greater 
ratio  than  1  :  '986,  as,  though  the  head  is  pretty  large 
in  proportion  to  the  depth  of  the  channel,  the  ratio  of 
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the  sections  -  =  ^  is  small.    It  is  therefore  more 

correct  to  find  the  multiplier  from  the  small  table, 

p.  104.     By  doing  so  the  new  value  of  -  is  8  x  'SSS 

=  6'704.  From  this  and  the  coefficient  '617  we 
shall  find,  as  before  from  Table  Y.,  the  new  coeffi- 
cient to  be  -627 ;  hence  2084-96  x  -627  =  1307-27 
cubic  feet  per  minute  for  the  discharge. 

The  foregoing  solution  takes  for  granted  that  the 
velocity  of  approach  is  subject  to  ^contraction  before 
arriving  at  the  overfall,  or  in  passing  through  it ;  now, 
as  this  reduces  the  mean  velocity  of  approach  from  1 
to  '784,  Table  V.,  when  the  coefficient  for  heads  in 
still  water  is  '617,  it  is  necessary  to  multiply  the  value 

of  ^  =  6-704,  last  found,  by  '784,  and  then  6'704  X 

"784  =  5*26  is  the  value  -  due  to  this  correction,  from 

which  the  corresponding  coefficient  in  Table  Y.  is 
found  to  be  '629,  and  hence  the  corrected  discharge  is 
2084-96  X  -629  =  1811-44  cubic  feet. 
By  using  equation  (46a)  in  the  preceding  example, 

the  value  of  (l  +  Ij;^^ -{:JzrJ  ^""^  l  =  rn.= 

7*488  is,  from  the  last  columns  of  Table  V.  for  a  co- 
efficient unity,  1*025.  Hence  the  discharge  is  2084*96 
X  '617  X  1-025  =  2085   x  -682  =  1318  cubic  feet 

per  minute  in  round  numbers.    If  -  were  taken  equal 

to  6*704,  then  equation  (46a)  would  become  2086  X 

•617  X  1*031  =  2085  x  '636  =  1326  cubic  feet  nearly. 

It  is  to  he  home  in  mind  that  the  value  of  the  ratio 

-  in  Table  V.  is  simply  an  approximate  value  for  the 
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ratio  of  the  velocity  in  the  channel  facing  the  orifice  to 
the  velocity  in  the  orifice  itself,  and  that  large  differences 
of  value  do  not  always  affect  the  coefficient  of  discharge 
materially.  The  corrections  applied  in  the  foregoing 
examples  were  for  the  purpose  of  finding  this  ratio  of 

velocity  more  correctly  than  the  simple  expression  -- 

gives  it.  The  ratio  of  h^  to  hi,  also  may  sometimes 
vary  very  considerably  without  materially  affecting  the 
value  of  Cd ;  for  instance,  if  c^  =  '628  for  still  water, 

the  change  of  -^  firom  0  to  '046,  and  of  -  from  infinity 

h  ^ 

to  8  causes  a  variation  of,  only,  from  '628  to  '642  for 
orifices,  and  to  '666  for  notches,  which,  practically,  does 
not  exceed  six  per  cent.     The  following  auxiliary  table 

AUZILIABT  TABLB,  TO  BE  T78KD  WITH  TABLE  Y.  VOB  MOBB  KEABLY 
FIin)ING  THE  COEFFICIENT  OF  DISCHABOE  NEABLY  SUITED  TO 
EQXJATIOKS  (45a)  AND  (i6a). 


I 


•9 
I 


•0 
•1 
•2 
•8 
•4 
•6 
•6 
•7 
•8 
•9 
10 


3^3 


I 

-a 

3 


5*3 


•3 


•835 
•887 

•842 
•850 
•861 
•876 
•894 
•916 
•941 
•969 
1-000 


Mnltiplien  far  finding  the  n«w  Talu«8  of  -  in  Table  V., 

when  the  water  approachee  and  panes  through  the  oxifice, 
without  oontracnon  or  loae  of  velooi^. 


Coeffl- 
eient 
•639 


•69 
•70 
•70 
•71 
•72 
•73 
•74 
•76 
•78 
•81 
•831 


Coeffi- 
cient 
•628 


•67 
•68 
•68 
•69 
•69 
•71 
72 
•74 
•76 
•78 
•807 


Coeffi- 
cient 

•617 


•65 
•66 
•66 
•67 
•68 
•69 
•70 
•72 
•74 
•76 
•784 


Coeffi- 
cient 
•606 


•64 
•64 
•64 
•65 
•66 
•67 
•68 
•70 
•72 
•74 
•762 


Coeffi- 
cient 
•595 


•62 
•62 
•62 
•63 
•64 
•65 
•66 
•68 
•70 
•72 
•740 


Coeffi- 
cient 
•584 


•60 
•60 
•61 
•61 
•62 
•63 
•64 
•66 
•68 
•70 
•719 


Coeffi- 
cient 

•573 


•58 
•59 
•59 
•59 
•60 
•61 
•62 
•64 
•66 
•68 
•699 
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finds  the  correction,  and  thence  the  new  coefficient, 
with  facility.  Thus,  if  the  channel  be  five  times  the 
size  of  the  orifice,  and  a  loss  in  the  approaching  velocity 
takes  place  equal  to  that  in  a  short  cylindrical  tube, 

then  5  X  '842  =  4'210  is  the  new  value  of  -,  opposite 

to  which,  in  Table  V.,  will  be  found  the  coefficient 
sought.  If  the  coefficient  for  still  water  be  '606,  it  is 
found  to  be  '612  for  orifices  and  '628  for  weirs.  But 
when  the  water  approaches  without  loss  of  velocity, 
from  the  auxiliary  table,  *64  is  found  for  the  multiplier 

instead  of  '842,  and  consequently  the  new  value  of  - 

becomes  6  x  '64  =  3'2,  fi:om  which  '617  is  found  to 
be  the  new  coefficient  for  orifices  and  '686  for  weirs. 
The  auxiliary  table  is  calculated  by  multiplying  the 
numbers  in  the  second  column  (see  third  column,  table, 

p.  104)  by  the  value  of  c    X  •< -j  V  ,  which  will  be 

found  from  Table  V.,  for  the  different  values  of  c^  in 

the  table,  viz. 

•689,  '628,  -617,  -606,  -595,  '584,  and  '578, 
•881,  -807,  -784,  '762,  '740,  '719,  and  -699, 

to  be  respectively,  as  given  in  the  top  and  bottom  lines 

of  figures. 

When  —5-^^ — 5  in  equations  (45)  and  (46)  is  equal  to 
inr  —  Cd 

in  equations  (45a)  and  (46a),  then  must  c^  =  1, 


Qtl 


2-1 


and  Cd  s  1  +  -^^ — ^  f    in     equation    (45)    becomes 

equal  to   ^  1  -h  -5 5-  [     in    equation    (45a) ;    and 

(.  tnr  ^  1  ) 
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SO 


in 


becomes  equal  to  {  (l  +  _,i-^/-  {-.^J} 

equation  (46a) ;  and  therefore  the  coefficient  found  from 
the  last  three  columns  of  Table  V.  for  q  =  1  will  give 
the  multiplier  for  c^,  outside  the  brackets,  in  (45a)  and 
(46a),  to  find  the  new  coefficients.  Thus  in  the  last 
example  m  =  5,  and  hence  Table  V.  for  Cd  =  1,  is 

-  (-2~l)'  I  =   ^'°^^-      ^^^^^  ^'^^^    ^    '^^  =  '^^^ 

nearly;  and  1'056  X  '606  =  '689  nearly,  the  new  co- 
efficients found  from  the  other  method  being  *617  and 
*686,  the  difference  by  both  methods  being  of  no  great 
practical  importance. 

It  is  necessary  to  observe,  that  in  equations  (46), 
(46),  (45a),  and  (46a),  the  head  due  to  the  velocity  of 
supply  or  approach,  h^,  must  be  extra  to  the  head,  h,  in 
iht  formula  and  no  part  of  it :  and  that — ^as  is  indicated 
by  the  equations — m  can  never  be  so  small  as  unity,  for 

then  — s — -  would  be  infinite.     These  equations  are, 
tn  —  1 

therefore,  only  strictly  applicable  to  orifices  in  the 
short  tubes,  Fig.  15  and  Fig.  16,  when  the  head  %.  due 
to  the  velocity  of  approach  is  included  in  the  head  h 
measured  from  still  water  in  a  large  cistern. 

The  initial  value  of  the  coefficient  of  discharge,  c^  it- 
self, varies  considerably  with  the  position  and  form  of 
the  oiifice ;  for  a  mean  value  of  '707  it  changes,  in 
equation  (45),  according  to  the  relation  of  c  and  a  into 

z 
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— nrt;  wid  for  a  value  of '618  for  an  orifice. 


('  -  -^^i 


central  in  %  thin  plate,  Professor  Rankine*s  empirical 
formula,  note  p.  102,  is  in  practice  applicable. 


PRACTICAL  FOBMUUE  FOR  THE  DISCHARGE   OVER  WEIRS. 

In  order  to  reduce  the  preceding  formulse  for  weirs 
and  notches  to  some  of  the  forms  in  common  use,  with 
definite  combined  numerical  coefficients,  by  substituting 

8*026  for  V  2  ^,   equation   (89),  becomes  for  feet 

(A.)    D.  =  6-86  Cd  1{{K  +  AO*  -  fc*}. 
For  inch  measures,  as  V  2  ^  =  27'8,  the  discharge; 
taken  also  in  cubic  feet,  becomes 

(B.)    D   =  -01072  Cd  I  {{K  -  /O*  -  *•'[• 
When  the  length  I  is  taken  in  feet  and  the  depth  in 
inches,  it  is 

(C.)    D   =  -1287  Cd  I  {{K  -  fta)*  -  Aa*}- 

The  last  three  equations  being  for  seconds  of  time, 
when  the  time  is  taken  at  one  minute^  for  all  measives 
in  feet  the  discharge  in  cubic  feet  is 

(D.)    D   =  821  Cd  I  {{K  +  AJ*  -  h}]. 
This  when  c^  is  taken  at  *614  becomes 

(Dj.)    D^  =  197  I  {(*;  +  A.)*  -  aJ}. 
For  a  coefficient  of  '617 

(Da.)     D^  =  198  I  {{K  +  //ji  _  hi] 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  115 

For  a  coefficient  of  '623 

(D3.)     D,  =  200  I  [{K  +  K)^  -  Aa^}. 
Por  a  coefficient  of  '628 

(D4.)     D»  =  201-6  I  {{K  +  Aa)^  -  h}]. 
For  a  coefficient  of  '648 

(D5.)    D,=  208  2{(Ab  + AJ'-/eJ). 
For  a  coefficient  of  '667 

(D«.)    D.  =  214Z{(A,  +  A,)l-Ajj. 
For  a  coefficient  of  '712 

(Dy.)    D»  =  228-6  Z{  (Aft  +  70*- /la^}- 
And  for  a  coefficient  of  ^810 

(Dg.)     D»  =  260n(^D  +  Aji- Aa^j. 
For  inch  measures  the  discharge  in  cubic  feet  is 
(E.)    D»  =  -6488  Cd  I  I  (Aft  +  70^  -  74*}. 

And  for  lengths  (Q  in  feet  and  depths  (A^)  in  inches 
the  discharge  also  in  cubic  feet  becomes 

(F.)    D»  =  7-72  Cd  I  {hr,  +  Aa)*  -  TiJ}. 

The  latter  equation,  when  the  coefficient  of  discharge, 
Cd»  is  taken  at  '614  becomes 

(d.  =  4-74  I  {K  +  70*  -  Aa*},  and 
(FiOJd  =  4-74  {  7it,  when  the  velocity  of  ap- 
\    proach  vanishes. 

For  a  coefficient  of  '617 

D.  =  4-76  I  {{K  +  *a)»  -  ^h^  a^d 
(Fa-) Id  =  4'76  I  h^  when  the  velocity  of  ap- 
,    proach  vanishes. 

I2 
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fF,.) 


For  a  coefficient  of  '623 

D   =  4-81  I  {(/Jb  +  70'  -  /«.'}.  and 

s 
D  =  4'81  I  h\  with  no  perceptible  approaclu 

For  a  coefficient  of  '628 

D.  =  4-85  l{{K-¥  hj  -  h)},  and 

D  =  4*85  Z  A  I  with  no  perceptible  approach^ 
For  a  coefficient  of  '648 

^p  ,(i>a  =  5  I  {(Ab  +  /O^  -  h}},  and 

|d  =  5  Z  h^  with  no  perceptible  approach. 
For  a  coefficient  of  f  or  '667 

[d  =  5*14  I  h^  with  no  perceptible  approach^ 
For  a  coefficient  of  '712 

|d  =  5*5  Z  h^  with  no  perceptible  approach. 
And  finally  for  a  coe&cient  of  '81 

fi),  =  6-3  I  {{K  +  hj  -  ft  J},  and 

(^sOJd  =  6'8  Z  111  when  the  velocity  of  approach 
\    vanishes. 
The  theoretical  value  of  h^  in  each  of  the  foregoing- 
equations  is  in  terms  of  the  velocity  of  approach  r^ 

in  which  2  g  must  be  taken  equal  to  64*403  for  heads: 
in  feet,  and  equal  to  772*84  for  heads  in  inches.  But 
it  is  evident  that  in  order  to  produce  the  velocity  per 
second  t\  passing  through  the  notch  with  a  nearly  still- 
water  basin  above  it,  that  k  must  be  increased  from  its. 
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tf 


theoretical  value  n'~  to  -2~^— ,  in  which  expression  Ca 

is  the  coefficient  of  discharge  due  to  the  particular 
notch,  or  weir,  and  its  attendant  circumstances; 
whence 

7,  _  _  <i  __  Theoretical  head 

Now,  unquestionably  the  most  general  coefficient  both 
for  notches  and  submerged  orifices,  in  thin  plates,  for 
gauging  whether  triangular,  rectangular,  or  circular, 
is  '617,  when  the  orifice  or  notch  is  small  compared 
with  the  approaching  channel;  whence  for  measures  in 
feet 

A»  =  -0408  vj,  and  v\  =  4'95  VIT. 
For  measures  in  inches, 

K  =  '0034  vi,  and  v^  =  17*2  VX- 
And  for  measures  in  which  t\  is  expressed  in  feet  per 
second,  and  h^  in  inches 

lu  =  -49  vl  and  v.  =  1'48  Vlii^, 
wliich  shows  that  half  the  square  of  the  approaching 
relocity  in  feet  is  equal  to  the  head  h^  in  inches ;  very 
nearly.  By  substituting  these  values  of  h^,  found  in 
terms  of  the  approaching  velocity,  according  to  the 
{Standards  used  in  the  equations  from  (a)  to  (f)  inclu- 
sive, and  also  in  equation  (F2),  we  shall  be  enabled  to 
find  the  proper  discharge  from  a  notch  in  a  thin  plate. 
The  values  of  h^,  as  given  above,  can  be  found  at  once 
in  inches  from  the  observed  values  of  t^,  to  be  also 
taken  in  inches,  for  coefficients  varjing  from  '584  to 
'974,  by  means  of  Table  II.  Thus,  with  a  coefficient 
•of  '617,  we  shall  find,  for  an  approaching  velocity  of 
S6  inches  per  second,  that  /<»  becomes  4a  =  4'4  inches 
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nearly,  while  for  a  coeflScient  of  '666,  it  is  only  8f  =:r 
8'8  i(^ches ;  and  for  a  coefficient  of  1,  the  theoretical 
head  is  hut  li  =  1*7  inch  nearly. 

For  the  very  nature  of  the  case  the  approaching^ 
Telocity  must  continue  nearly  unimpaired  through  tlie- 
notch  with  but  a  very  slight  reduction  arising  from  the^ 
viscidity  of  the  water  when  it  enters  tlie  aperture,  and 
separates  from  the  lateral  fluid.  But  in  order  to  give- 
this  unimpau*ed  velocity  by  means  of  an  extra  head  h^^ 
it  is  evident  tliat  h^  must  be  increased  above  the 
theoretical  value  by  the  amount  due  to  the  coefficient. 
of  discharge ;  or,  as  before  stated,  //»  must  be  increased 

from  ^    to     If  a   •      This  value   of  //»  is,   perhajis^ 

something  too  large,  owing  to  the  reduction  of  r^  nt 
the  moment  it  enters  the  notch  and  is  acted  upon  by 
the  overfall,  drawing  it  away,  as  it  were,  from  tlie  laternT 
water  above  tlie  crest. 

The  nmnerical  results  of  the  respective  foiniulfe  froDi 
(a)  to  (pg),  inclusive,  can  be  obtained  by  modifying  tlie- 
form  as  in  equation  (42)  into 

(".=-<  { On^'- (fey  H 

in  which  d  is  the  discharge  found,  when  there  is  no* 
velocity  of  approach,  by  the  common  formn  =  5*35  x 

c^  I  h%  for  which  separate  values  are  given  in  equa- 
tions from  (Fj)  to  (Fg)  inclusive  ;  and  numerical  values. 

in  Table  VI.;  and  |  (^1  +  Jy  )*  -  (Jj-*)U  a  multiplier 
suited  to  the  velocity  of  approach,  the  values  of  which 
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can  be  found  from  Table  IV.  Suppose,  for  example, 
D  2=r  158*1  cubic  feet  per  minute,  A^  =  10  inches,  and 
h^  =  4  inches,  which  is  that  due  to  an  approaching 
velocity  of  8  feet  per  second  with  a  coefficient  of  '648 ; 

then  the  multiplier  becomes  (1  +  •4)^  —  '4'  =  1'4085, 
Table  IY.  Hence  the  discharge  due  to  an  approaching 
velocity  of  8  feet  is  158-1  x  1*4085  =  221*9  cubic 
feet,  or  an  increase  of  about  40  per  cent.  Also,  if  the 
common  formula  were  used,  it  is  plain  that  the  coefficient 
•648  should  be  increased  to  -648  X  1-4085,  or  to  -909 
nearly,  which  approximates  within  10  x)er  cent,  of  the 
theoretical  value.      Nothing  can    show  more   clearly 

THE  NECESSrrY  FOB  VABYINQ  THE  COEFFICIENTS  WHEN 
THE  OBDINABY  F0BMUL2   ABE  USED,  EVEN  FOB  A   NOTCH 

IX  A  THIN  PLATE :  for  Other  notches  the  coefficients, 
even  for  still  water  above  the  crest,  vary  considerably. 
The  form  of  the  equation  used  by  D'Aubuisson  and 
several  other  writers  is      

D,  =  c Z  ^/h\  +  cvih\ 
in  which  o  and  c  are  numerical  coefficients,  and  v^  the 

9 

velocity  of  approach.  This  form  is  incorrect  in  prin- 
ciple, although  the  values  of  c  and  c  can  be  so  taken 
as  to  give  resulting  values  for  d^  approximately  correct 
For  feet  measures,  and  time  in  seconds.  Professor 
Downing  makes,  after  D'Aubuisson,  p.  87  of  his 
translation, 

D»  =  Cd  X  6-85  I  V  h%  +  -08494  t^  h\. 
Doctor  Bobinson  *  gives  for  like  measures  and  time, 
values  varying  from 

*  Proceedings  Boyal  Irish  Academy,  vol.  iy.  p.  .212.    «1895  vl  is 
nine  times  the  theoretical  head,  and  too  mnch. 


120 


THE  DISCHARGE  OF  WATER  FROM 


r»  =  8-55  I  V  Ab  +  '1895  t'J  /ij,  to 

D»  =  8-2  Z  V  AS  +  -1895  -wi  Ag. 
Mr.  Taylor  finds  (for  the  Government  Keferees,  see 
Beport  on  the  Main  Drainage  of  the  Metropolis,  18th 
July,  1858,  p.  82)  the  discharge  in  cubic  feet,  per 
minute,  when  the  depth  is  taken  in  inches,  and  the 
length  in  feet  to  be, 

D»  =  5-5  I  V/iJ  +  -BtiAj; 
and  the  Messrs.  Hawksley,  Bidder,   and  Bazalgette 
assume,  (p.  88  ibid,)  for  like  measures. 

Da  =  5  Z  \//<^+  -ISTSti/il, 
which  they  consider  is  in  "  excess^     The  following 


table,  copied  and  extended  from  the  report  just  re- 
ferred to,  shows  the  results  of  the  last  two  formulse, 
and  of  our  equations  (F5)  and  (F7),  in  which  the  depth, 


FormulsB^ 

Mean  velocities  approaching  the  notch  in  feet 

per  second,  and  dischaiiges  in  cubic  feet 

per  minute. 

0 

•6 

1 

1-5 

2 

2-5 

3 

1581 
1581 

158-1 

173-9 

178-9 
173-9 

158-5 
150-2 

160 

175-1 

176 
176-7 

159-5 
1621 

167 

178-3 

182 
180-8 

161-4 
166-8 

177 

183-5 

192 
188-9 

164 
173 

190 

190-1 

204 
190-8 

167 
180 

205 

198-8 

218 
213 

171 
180 

222 

207-5 

234 
228 

Bquation  (l)  when  the  h6ad,^ 
K .  dae  to  the  velocity  of  ap-  f 
proAch  Ib  taken  at  only  its 
theoretical  value  .               ,  ) 

Equation  (r,)  when  the  head,  ^ 
A. ,  due  to  the  velocity  of  ap-  f 
proach  is  innroased  for  the  co- 
efficient of  velocity  '048  .    .   / 

Eqtiatlon  (f,  )  when  the  head,^ 
A* ,  due  to  the  velocity  of  ap-  ( 
proach  is  taken  at  only  itsT 
theoretical  value  .               .   j 

Equation  (rv)when  the  head\ 
due  to  the  velodtv  of  approarh  f 
ia  increased  for  the  coefficient  f 
of  velocity  -712  .               .    .   J 

D.-6-5VM+'8»:*l  . 
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/<b»  must  be  taken  equal  to  10  inches,  and  the  length, 
/,  equal  to  1  foot. 

In  equations  (l)  and  (n)  we  can  get.  Table  II.,  the 
values  of  the  head,  A»,  due  to  velocity  of  approach  i-^, 
4is  follows : 

r,  =  -5,       -1,      1*5,       '2,      2*5,     8*0  ;  in  feet  per  second. 

K  =   -047,  -186,     -419,  -745,  1-16,  1 '68  ;  theoretical  head  in  inches. 

Then 

K  «   -111,  -447,     -997,  1-77,  2*76,  4';  for  a  coefficient  of  '648, 

sind 

A.  =  -093,  -366,     -833,  1-47,  2*29,  S'Sl  ;  for  a  coefficient  of  712. 

Whence  as  Ab  =  10  inches,  we  shall  have  in  equation 

m, 

'*-  =  -oil,  -045,     -1,        -18,     -28,       -4 ;  for  a  coefficient  of  648, 
and 
'*-  s  -009,  -037,     -083,     '15,       '23,     '33  ;  for  a  coefficient  of  712  ; 


and  hence,  by  means  of  Table  IV.  f  1  +  r*)   ""  (  r^V 

becomes  of  the  follo^ving  respective  values  suited  to 
the  above  velocities, 

1-015,  1-059,  1-122,  1-205,  1-8,       1 '403  ;  for  a  coefficient  of '648, 

and 

1-013,  1-049,  1-104,  1-175,  1*254,  1 -344  ;  for  a  coefficient  of -712. 

These  latter  values  multiplied,  in  order,  by  the  ijiitial 
values  of  the  discharges,  158'1  and  173*9,  in  the  above 
table,  give  the  discharges  in  tlie  third  and  fifth  lines 
corresponding;  due  to  the  respective  velocities  of 
approach. 

The  accordance  between  the  results  in  the  last  two 
lines  of  the  table  is  remarkable.  Table  V.  shows 
that  if  the  coefficient  be  '667  when  the  water  above  the 
crest  is  still,  it  will  be  increased  to  "712  when  the  ap- 
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proaching  channel  is  about  1'83  times  tlie  section  cf 
the  water  in  the  notch,  and  this  only  when  t^  is  taken 

as  in  equation  (44).  K  the  arrises  of  the  two-inch 
thick  waste  board  be  rounded,  the  coefficient  must 
also  be  considerable,  although  uncertain ;  but  as  the 

equation  d,  =  5'5  V  hi  +  '8  tlhl  appears  to  have  been 
framed  by  Mr.  Taylor,  to  express  special  experimenta 
made  for  Mr.  Simi)son,  in  which  the  quantities  varied 
from  6  to  152  cubic  feet  per  minute,  and  for  heads  on 
a  four-foot  weir  varj'ing  from  1  inch  to  8  inches,* 
it  must  be  concluded  that  the  coefficient  for  heads 
measured  from  still  water  above  the  crest  in  those 
experiments  suited  to  the  foim  of  the  weir  used,  and 
to  its  attendant  circumstances,  is  '712. 

Equations  (89)  and  those  from  (a)  to  (Fg)  may  be 
easily  changed  into  foims  in  which  only  the  depth  hy^^, 
the  velocity  of  approach,  and  the  coefficient  of  velocity 
(in  this  case  equal  to  that  of  discharge)  c^,  are  intro* 
duced.  It  is,  however,  only  necessary  here  to  reduce 
the  general  foim  (a)  p.  114,  for  feet  measures,  which 

becomes,  after  substituting  for  h^  its  value    ^  .,%    > 

c^  X  ^  g 

and  making  some  reductions, 

(d.  =  "^?—  I  {(64-4  <i  K  +  f2)J  -  vl}  i 
and  for  time  in  minutes  the  discharge  is 

*  Vide  p.  22,  I/Otter  dated  16th  August,  1858,  from  the  Govern- 
ment  Referees  to  the  Right  Hon.  Lord  John  Manners,  on  the  subject 
of  the  Metropolitan  Main  Drainage. 
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<A,.)   i>.=  '-^l  {(64-4  <«/,,  +  ,«)»-  f3}  ; 

in  which  r^  still  continues  the  velocity  in  feet  per 
second,  as  determined  from  observation.  These  for- 
mulae may  be  again  reduced  to  many  others.  If  It^  be 
taken  in  inches  (A^  becomes 

<A3.)  j>,  =  '^l  {  (5-37  4  K  +  ti)  *-  ti}. 

Mr.  Pole,  in  a  letter  to  Mr.  Simpson  and  Ca[)tain 
•Galton,  already  referred  to,  gives  the  special  value, 

Avhich  cori'esponds  veiy  closely  with  the  experiments 
made  for  Mr.  Simpson.  If  c^  =  "712,  which  also 
closely  corresponds  with  those  experiments,  om*  equa- 
tion (A3)  becomes  for  them 

(A4.)        D.  =  1-225  I  { (2-72  K  +  0»  -  ti} ; 
but  the  amount  of  the  discharge  must  always  depend  on 
the  coefficient  c^,  equation  (A3)  suited  to  the  special 
circumstances  of  the  case  under  consideration. 

The  form  of  equation  for  the  discharge  proposed  by 
Mr.  Boyden*  includes  the  effects  of  the  end  con- 
tractions :  it  is 

D  =  c  {  Z  —  6  n  A5}  Ab» 
in  which  c  =  f  c^  V  2  ^,  w  the  number  of  end  con- 
tractions, I  the  lengtli  of  tlie  weir,  h^  the  head 
measured  from  the  surface  of  the  water  above  the 
curvature  of  approach,  and  b  a  coefficient  due  to  the 
nature  of  the  end  contractions.  The  mean  nume- 
rical expression  for  this  formula,  derived  by  Francis 
from  his  experiments,  is  for  feet  measures,  per  second, 

*  Francis's  Lowell  Hydraulic  Experiments,  p.  74. 
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D  =  3-38  {I  -  •lnAi,)/ib^* 
but  the  value  of  c  varied  from  S'SOS  to  8-8617.  These 
results  give  corresponding  values  of  c^  =  '617  to  '628^ 
and  when  c  =  3'33,  c^  =  '623.  The  experimental 
results  compared  with  this  formula  have  been  referred 
to  at  p.  71. 

Francis's  Lowell  experiments  on  a  wooden  dam 
10  feet  long,  level  and  8  feet  wide  at  the  crest,  with 
a  head  slope  of  8i  to  1  in  a  channel  10  feet  wide^ 
give,  for  heads  between  6  and  20  inches,  a  meau 
coefficient  of  •663  or  '565.  This  for  feet  measures, 
would  give  for  the  discharge  per  second 

D  =  302  hi 
For  greater  depths,  on  this  width  of  crest,  the  dis- 
charge would  probably  rise  as  high  as  3*1  h^  or  3*3  A*^ 
The  section  of  the  dam  was  the  same  as  that  erected 
by  the  Essex  Company  across  the  Merrimack  Kiver, 
at  Lawrence,  Massachusetts.  See,  also.  Table  op 
Coefficients,  p.  68. 

Li  equation  (13),  p.  42,  there  is  given  a  general 
expression  for  the  value  of  d  through  a  triangular 
notch.  Professor  Thomson,  of  the  University  of 
Glasgow,  in  a  paper  read  at  the  British  Association 
at  Leeds  in  1858,  says : — 

"  The  ordinary  rectangular  notches,  accurately  ex- 
perimented on  as  they  have  been,  at  great  cost  and 
with  high  scientific  skill,  in  various  countries,  with 
the  view  of  detennining  the  necessary  formulas  and 
coefficients  for  their  application  in  practice,  are  for 
many  purposes  suitable  and  convenient.  They  are,, 
however,  but  ill  adapted  for  the  measurement  of  ver}*' 

*  Francis's  Lowell  Hydraulic  Experiments,  p.  119. 
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Tariable  quantities  of  water,  such  as  commonly  occur 
to  the  engineer  to  be  gauged  in  rivers  and  streams. 
If  the  rectangular  notch  is  to  be  made  wide  enough 
to  allow  the  water  to  pass  in  flood  times,  it  must  be 
«o  wide  that    for  long  periods,   in  moderately  dry 
weather,  the  water  flows  so  shallow  over  its  crest, 
that  its  indications  cannot  be  relied  on.     To  remove, 
in  some  degree,  this  objection,  gauges  for  rivers  or 
:6treams  are  sometimes  formed,  in  the  best  engineering 
practice,   with   a  small  rectangular  notch  cut  down 
helow  the  general  level  of  the  crest  of  a  large  rectan- 
gular notch.     If  now,  instead  of  one  depression  being 
made  for  dry  weather,  we  use  a  crest  wide  enough  for 
use  in  floods,  we  conceive  of  a  large  number  of  de- 
pressions extending  so  as  to  give  the  crest  the  appear- 
ance of  a  set  of  steps  of  stairs,  and  if  we  conceive  the 
number  of  such  steps  to  become  infinitely  great,  we  are 
led  at  once  to  the  conception  of  the  triangular  instead 
of  the  rectangular  notch.     The  piinciple  of  the  trian- 
gular notch  being  thus  arrived  at,  it  becomes  evident 
there  is  no  necessity  for  having  one  side  of  the  notch 
vertical,  and  the  other  slanting ;  but  that,  as  may  in 
many  cases  prove  more  convenient,  both  sides  may  be 
made  slanting,  and  their  slopes  may  be  alike.     It  is 
then  to  be  obsei*ved,  that  by  the  use  of  the  triangular 
notch,  with  proper  formulas  and  coefficients  derivable 
by  due  union  of  theory  and  experiments,  quantities  of 
running  water  from  the  smallest  to  tlie  largest  may  be 
accurately  gauged   by  their  flow  through  the   same 
notch.     The  reason  of  this  is  obvious,  from  consider- 
ing that  in  the  triangular  notch,  when  the  quantity 
flowing  is  very  small,  the  flow  is  confined  to  a  small 
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space  admitting  of  accurate  measurement ;  and  that 
the  space  for  the  flow  of  water  increases  as  the  quantity 
to  be  measured  increases,  but  still  continues  such  as  to 
admit  of  accurate  measurement. 

''Further,   the    ordinary  rectangular  notch,  when 
applied  for   the  gauging  of  rivers,  is  subject  to  a 
serious  objection  from  the  difficulty  or  impossibility  of 
properly   taking  into    account  the  influence  of   the 
bottom  of  the  river  on  the  flow  of  the  water  to  the 
notch.     If  it  were  practicable  to  dam  up  the  river  so 
deep  that  the  water  would  flow  through  the  notch  as 
if  coming  from  a  reservoir  of  still  water,  the  difficulty 
would  not  arise.     This,  however,  can  seldom  be  done 
in  practice,  and  although  the  bottom  of  the  river  may 
be  so  far  below  the  crest  as  to  produce  but  little  effect 
on  the  flow  of  the  water  when  the  quantity  flowing  is 
smaU,  yet  when  the  quantity  becomes  great,  the  velo- 
city of  approach  comes  to  have  a  very  material  influ- 
ence on  the  flow  of  the  water,  but  an  influence  which  is 
usually  difficult,  if  not  impracticable,  to  ascertain  with 
satisfactory  accuracy.    In  the  notches  now  proposed  of 
a  triangular  form,  the  influence  of  the  bottom  may  be 
rendered  definite,  and  such  as  to  affect  alike  (or  at 
least  by  some  law  that  may  be  readily  determined  by 
experiment)  the  flow  of  the  water  when  very  small,  or 
when  very  great,  in  the  same  notch.     The  method  by 
which  I  propose  that  this  may  be  effected  consists 
in  carrying  out  a  floor,  starting  exactly  from  the  vertex 
of  the   notch,    and   extending  both  up-stream  and 
laterally,  so  as  to  form  a  bottom  to  the  channel  of 
approach,  which  will  both  be  smooth  and  will  serve  as 
the  lower  bounding  surface  of  a  passage  of  approach 
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unchanging  in  form  while  increasing  in  magnitude,  at 
the  places  at  least  which  are  adjacent  to  the  vertex  of 
the  notch.  The  floor  may  be  either  perfectly  level,  or 
may  consist  of  two  planes,  whose  intersection  would 
start  from  the  vertex  of  the  notch,  and  would  pass  up- 
stream perpendicularly  to  the  direction  of  the  wen* 
board;  the  two  planes  slanting  upwards  from  their 
intersection  more  gently  than  the  sides  of  the  notch. 
The  level  floor,  although  theoretically  not  quite  so 
perfect  as  the  floor  of  two  planes,  would  probably  for 
most  practical  purposes  prove  the  more  convenient 
arrangement. 

"  With  reference  to  the  use  of  the  floor  it  may  be 
said,  in  short,  that  by  a  due  arrangement  of  the  notch 
and  the  floor,  a  discharge  orifice  and  channel  of 
approach  may  be  produced,  of  which  (the  upper  surface 
of  the  water  being  considered  as  the  top  of  the  channel 
and  orifice)  the  form  will  be  unchanged  or  but  little 
changed,  with  variations  of  the  quantity  flowing ;  very 
much  less  certainly  than  is  the  case  with  rectangulai* 
notches. 

"Whatever  may  be  the  result  in  this  respect,  the 
main  object  must  be  to  obtain,  for  a  moderate  number 
of  triangular  notches  of  different  forms,  and  both  with 
and  without  floors  at  the  passage  of  approach,  tlie 
necessary  coefficients  for  the  various  forms  of  notches 
and  approaches  selected,  and  for  various  depths  in  any 
one  of  them,  so  as  to  allow  of  water  being  gauged  for 
practical  purposes,  when  in  future  convenient,  by 
means  of  similarly  formed  notches  and  approaches. 
The  utility  of  the  proposed  system  of  gauging  it  is  to 
be  particularly  observed,   will  not    depend    upon   a 
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I)erfectly  close  agreement  of  the  theory  described  with 
the  experiments,  because  a  table  of  experimental 
coefficients  for  various  depths,  or  an  empirical  formula 
slightly  modified  from  the  theoretical  one,  will  serve 
all  purposes. 

"To  one  evident  simplification  in  the  proposed 
system  of  gauging,  as  compared  with  that  by  rect- 
angular notches,  I  would  here  advert,  namely,  that 
in  the  proposed  system  the  quantity  flowing  comes 
to  be  a  function  of  only  one  variable — ^namely,  the 
measured  head  of  water — ^while  in  the  rectangular 
notches  it  is  a  function  of  at  least  two  variables, 
namely,  the  head  of  water,  and  the  horizontal  width 
of  the  notch ;  and  is  commonly  also  a  function  of  a 
third  variable  very  difficult  to  be  taken  into  account, 
namely,  the  depth  from  the  crest  of  the  notch  down 
to  the  bottom  of  the  channel  of  approach,  which 
depth  must  vary  in  its  influence  with  aU  the  varying 
ratios  between  it  and  the  other  two  quantities  of  which 
the  flow  is  a  function. 

"  The  proposed  system  of  gauging  also  gives  facili- 
ties for  taking  another  element  into  account  which 
often  arises  in  practice  —  namely,  the  influence  of 
back  water  on  the  flow  of  the  water  in  the  gauge, 
when,  as  frequently  occurs  in  rivers,  it  is  found 
impracticable  to  dam  the  river  up  sufficiently  to  give 
it  a  clear  overfall  free  from  the  back  or  tail  water. 
For  any  given  ratio  of  the  height  of  the  tail  water 
above  the  vertex  of  the  notch  to  the  height  of  head 
water  above  the  vertex  of  the  notch,  I  would  antici- 
pate that  the  quantities  flowing  would  still  be  approxi- 
mately at  least,  proportional  to  the  f  power  of  the 
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heady  as  before ;  and  a  set  of  coefficients  would  have 
to  be  determined  experimentally  for  different  ratios 
of  the  height  of  the  head  water  to  the  height  of  the 
tail  water  above  the  vertex  of  the  notch. 

'^  I  have  got  some  preliminary  experiments  made  on 
a  right-angled  notch  in  a  vertical  plane  surface,  the 
sides  of  the  notch  making  angles  of  45^  with  the 
horizon,  and  the  flow  being  from  a  deep  and  wide 
pool  of  quiet  water,  and  the  water  thus  approaching 
the  notch  uninfluenced  by  any  floor  or  bottom.  The 
principal  set  of  experiments  as  yet  made  were  on 
quantities  of  water  varying  from  about  2  to  10  cubic 
feet  per  minute ;  and  the  depths  or  heads  of  the  water 
varied  from  2  inches  to  4  inches  in  the  right-angled 
notch.    From  these  experiments  I  derive  the  formula 

Q  =  0-817  H* 
where  q  is  the  quantity  of  water  in  cubic  feet  per 
minute,  and  h  the  head  as  measured  vertically  in 
inches  from  the  still  water  level  of  the  pool  down  to 
the  vertex  of  the  notch.  This  formula  is  submitted 
at  present  temporarily  as  being  accurate  enough  for 
use  for  ordinary  practical  purposes  for  the  measure- 
ment of  water  by  notches  similar  to  the  one  experi- 
mented on,  and  for  quantities  of  water  limited  to 
nearly  the  same  range  as  those  in  the  experiments ; 
but  as  being,  of  course,  subject  to  amendment  by 
more  perfect  experiments  extending  tlirough  a  wider 
range  of  quantities  of  water." 

In  the  first  edition  of  this  book  we  gave  the  general 
form  of  the  equation  for  the  discharge  through  tri- 
angular notches,  and  also  showed  the  general  applica- 
tion of  the  coefficients  '617  to  "628  for  all  forms  of 
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orifices  and  notches  in  thin  plates.  "617,  as  shown  in 
note  p.  42,  gives  a  result  identical  with  the  practical 
results  of  Professor  Thomson's  experiments.  The 
great  advantage  of  the  triangular  notch  for  gauging  is, 
that  the  sections  for  all  depths  flowing  over  are  similar 
triangles,  and  therefore  the  coefficient  probably  remains 
•constant,  or  nearly  so,  not  only  for  one  but  for  aU 
species  of  triangles,  when  the  depth  at  the  apex  is  not 
very  small  indeed  in  proportion  to  the  width  flowing 
•over  at  the  surface. 

The  disadvantage  of  the  proposed  triangular  fonn 
•of  depression,  if  peimanent  in  a  dam,  would  be  that 
the  angular  point  should  be  at  a  lower  level  than  the 
top  of  a  horizontal  crest  to  maintain  the  same  level, 
4ibove  of  the  water,  during  floods ;  and  therefore  the 
power  of  the  water  and  head  would  be  reduced  at  the 
period  when  most  required  for  mill-power  or  navigation 
purposes ;  that  is,  during  dry  weather.  For  drainage 
purposes  the  winter  level  or  that  during  floods,  must 
•evidently  be  kept  down,  unless  when  the  banks  are 
steep,  and  along  rapids ;  but  these  remarks  do  not 
Apply  to  dams  erected  across  milh-aces  or  streams  where 
the  banks  ai'e,  generally,  considerably  above  floods; 
they  only  refer  to  occasions  for  pennanent  gauging, 
to  find  the  relations  of  evaporation,  absorption,  and 
discharge  for  lai'ge  catchment  areas.  For  notch 
gauging,  to  determine  the  useful  effect  of  water  engines, 
rectangular  fonns  in  thin  plates  have  the  coefficients 
already  well  determined,  and  the  calculations  are  easy. 
Eivers  and  lai'ge  quantities  of  flowing  water  in  the 
tibsence  of  a  weir,  are  best  gauged  by  selecting  some 
portion   where    the  section   and   velocity   are   nearly 

K  2 
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uniform  and  determining  eacli  of  these  from  the 
soundings,  and  the  observed  velocities  between  them, 
from  bank  to  bank.  The  jagged,  loose  and  irregular 
crests  on  most  mill-weii's  are  unfit  to  gauge  from. 

In  iveirs  at  right 
angles  to  channels 
with  pniallel  sides, 
the  sectional  areji 
can  ne^  er  equal 
that  of  the  channel 
unless  it  be  mea- 
sured at  or  above  the  point  a,  where  the  sinking  of  the 
overfall  commences ,  and  unless  also  the  bed  c  d  and 
surface  a  d  have  the  same  mclmation  In  all  open 
channels,  as  milliaces,  streams,  nvers,  the  supply  ia 
den^ed  from  the  surface  mclmation  of  a  b  and  this  in- 
chnation  regulates  itself  to  the  discharging  power  of 
the  overfall.  AVhen  the  overfall  and  channel  have  the 
same  width,  and  the  latter  is  considerable,  then,  as 
eliall  appear  hei-eafter,  91  V^~8  is  the  mean  velocitj- 
in  the  channel,  where  h  Ib  the  depth  in  feet  and  s  the 
rate  of  inclination  of  the  surface  a  b.  Also  -  VZgli 
is  the  theoretical  velocity  of  discharge  at  the  overfall, 
of  equal  depth  with  the  channel,  and,  when  both  velo- 
cities are  equal, 

I  \rzjh  =  6-35  y/Ti  -  91  VT7; 
from  which  is  found 

the  inclination  of  b  a  when  the  supply  is  equal  to  tlie 
theoretical  discharge  at  the  overfall.     If  the  coefficient. 


ORIFICES,    WEIRS,   PIPES,   AXD  lilVESS.  133 

nt  the  overfall  were  ■628,  or,  which  b  nearly  the  Bame 
tiling,  if  a  large  and  deep  weir  basin  intervene  between 
the  weu-  and  channel.  Fig.  19,  a  a  would  be  level,  the 


velocity  of  approach  would  be  destroyed,  and  then 
5-35  X  -628  n/T  -  3-36  \/ll  -  91  VTi"; 
and  thence  the  inclination  of  b  a  is 
«=^=  -00136 
very  nearly.     When  discussing  Uie  surface  inclination 
of  rivers,  it  will  be  seen  that  the  conditions  here  as- 
sumed and    the  resulting   surface   inclinationB  would 
produce  velocities  that  would  desti'oy  the  regimen  and 
involve  a  considerable  loss  of  head.     If  the  quantity 
discharged  under  both  circumstances  be  the  same,  and 
h  be  the  depth  in  the  first  case,  Fig.  18,  then  the  head 
in  the  latter  case.  Fig.  19,  is  equal  f  ^V  It  =  1-36  h 

very  nearly,  from  which  and  the  sm-face  inclination  the 
extent  of  the  backwater  may  be  found  with  sufficient 
Accuracy.  "When,  in  Fig.  19,  the  inclination  of  a  b 
exceeds  — ,  the  head  at  a  must  exceed  the  depth  of  the 
river  above  a.  Further  on,  Sectiom  X.,  some  remarks 
will  be  found  on  tlie  backwater  curve. 
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SECTION  V. 

AND  WEIBS. CONTRACTED  KIVER 

CHANNELS. 

The  available  pres- 
sure at  any  gwint  in 
the  depth  of  the  ori- 
I  fice  A,  Fig.  20,  is. 
I  e<iual  to  the  diffe- 
rence of  the  pres- 
B  sures  on  each  side. 
This  ditferencs  is  equal  to  the  pressui'e  due  to  the 
height  A,  between  the  water  aui-faces  on  each  side  of 
tlie  orifice ;  in  tliis  case,  the  velocity  is 

(47.)  i-=fa  ^2  ff  A ; 

and  the  discharge 

(48.)  i>=ldCi  y/2g  h; 

in  which,  as  before,  I  is  tlie  length,  and  d  the  depth  of 

tl»e  rectangular  oiifice  a. 

^\hen  tlie  orifice- 
IS  partly  submerged 
i  in  Fig  21  Ab- 
11=^3  niaj  be  put 
for  the  submerged 
depth  and  It — Aj— 
the  remaining 
poL-tion  of  the  dej  tli  nheiice  rf,+(?s=rf  is  the  entue 
depth.     Ihe  dibLliaipC  IhiiUoli  the  niibmerged  depth 
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d^  is  Cd  2  is  X  '^  2  g  h,  and  the  disoharge  through 
the  npper  portion  di  is 

whence  the  whole  discharge — assuming  the  coefficient 
of  discharge  c^  is  the  same  for  the  upper  and  lower 
depths — ^is 

(49.)      D=Cd  I V  27 1  d  iVJ  +  J  (h^  -  At*)  } 
We  may,  however,  equation  (81),  assume  that 

very  nearly,  and  hence 

(50.)    D=Cd  I  d^  \/27A  -^c^ld  J  2g(jf,  —  0. 

As  hi  +  ^  =  ft—  -J  this  equation  may  be  changed 
2  2 

into 


(51.)    D=CdZc72  V27/*  +  CdZrfiy  2(7(At  +  ^)- 
In  either  of  these  forms  the  values  of 

Q  V2jh,  c^J^9{  h  «  |l),and  c^J  2  g  (h,  +^) 

can  be  had  from  Table  II.,  and  the  value  of  the 
discharge  d  thence  easily  found.  When  k^h^=h^-'h9 
the  mean  value  of  c^  may  be  taken  at  about  '685 ;  that 
is  when  the  backwater  rises  to  the  centre  of  the 
orifice. 

When  the  water  approaches  the  orifice  with  a  de- 
terminate velocity,  the  height  h^^  due  to  that  velocit}* 
can  be  found  from  Table  II.,  and  the  discharge  is 
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then  found  by  aubstituting  A+ft,  and  Aj+A,  for  h  and 
At  in  the  above  equations. 

In  the  submerged 
weir,  Fig.  22,  h  be- 
comes equal  to  di, 
and  At— 0;  ^^  dis- 
charge, equation 
r    (49),  then  becomes 

D=Cd  I  d,  V  2  if  dj  +  i  Cd  id,  V  2  3  di,  or 

di  V"25"d,|d,-f?d,}. 

When  the  water  approaches  with  a  velocity  due  to  the 
height  h^,  then  A  becomes  A+A,,  At=A^  and  equation 
(49)  becomes 

(58.)  j>=c^l  -JTg  |d,  Vdr+  A.+  ^  (d,  +  AJ*-aJ^. 

In  the  Ihproveuent  of  the  Navigation  op 
Rivers,  it  is  sometimes  necessarj-  to  construct  weirs 
so  03  to  raise  the  upper  waters  by  a  given  depth,  dj. 
The  discharge  d  is  in  such  cases  previously  known,  or 
easily  determined,  then  from  the  values  of  dj,  and  d, 
and  equation  (52),  the  value  of  the  rise  over  the 
crest. 


(64.) 


''.= 


-W. 


or,  by  taking  the  velocity  of  approach  iato  aecount, 

(55.)     d,-  ^ _'(J.  +  Aji-j 

CdZ  V2<;(d,+A0       '      Vd, +  A. 
This  value  of  dj  must  be  the  depth  of  the  top  of  the 
weir  below  the  original  surface  of  the  water,  in  order 
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that  this  surface  should  be  raised  by  a  given  depth,  di. 

2 

When  A|^  is  small  compared  with  ^2*  -   (^i+^a)   ^^7 

3 

be  put  for  -  x  (^i  +  **L::vW  j^  equation  (55). 

Example  VI. — A  river  whose  width  at  the  surface  is 
70  feet,  whose  hydraulic  mean  depth  is  4*4  feet,  and 
whose  cross  sectional  area  is  825  feet,  has  a  surface  in- 
<:lination  of  1  foot  per  mile ;  to  what  depth  below,  or 
height  above  the  surface  must  a  weir  at  right  angles  to 
the  channel  be  raised,  so  that  the  depth  of  water  im- 
mediately above  it  shaU  be  increased  by  9^ feet? 

When  the  hydraulic  mean  depth  is  4*4  feet,  and  the 
fall  per  mile  1  foot,  from  Table  VIII.  the  mean 
velocity  of  the  river  is  29'98  or  80  inches  yery  nearly 
per  second.  The  discharge  is,  therefore,  826  x  2J- 
=  812'6  cubic  feet  per  second,  or  48750  cubic  feet  per 

48750 

minute.     Hence,  —  =  696*4  cubic  feet,  must  pass 

over  each  foot  in  length  of  the  weir  per  minute.  As- 
suming the  coefficient  c^  =  '628  in  the  first  instance, 
from  Table  VI.  the  head  passing  over  a  weir  corres- 
ponding to  this  discharge  is  27 '4  inches ;  but  as  the 
head  is  to  be  increased  by  8i  feet,  or  42  inches,  it  is 
clear  that  the  weir  must  be  perfect ;  that  is,  have  a 
clear  overfall,  and  rise  42  —  27*4  =  14*6  inches  over 
the  original  water  smface.  In  order  that  the  weir  may 
be  submerged,  or  imperfect,  the  head  could  not  be  in- 
creased by  more  than  27'4  inches.  Therefore,  assume 
the  EXAMPLE,  tliat  tlie  increase  shaU  be  only  18  instead  of 
42  inches ;  the  weir  then  becomes  submerged,  and,  from 
€quation  (54), 
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d,=   f^^'^  -  -  X  18"  (as  Z  =  1  foot). 

-628  Vie"  X  2^      » 
The  value  of  the  first  part  of  this  expression  is  found 
from  Table  VI.  or  Table  II.  equal  to 

696-4  696-4         ,  „„ ,   ,      on  .ris  • 

^i — I =  nTivqlT  =  1"88  feet  =  2256  in. ; 

^  X  ^  X  870-841       ^^^  ^^^ 

18         3 

hence  22-56  —  ^  =  10*56  inches  is  the  value  of  d^ ; 

3 

that  is,  the  submerged  weir  must  be  built  within  10*56 

inches  of  the  surface  to  raise  the  head  18  inches  above 

the  former  level.     If,  however,  the  velocity  of  approach 

812*5 
be  taken  into  account,  it  is  equal  to  -jqtt-  =  2  feet  per 

second  very  nearly ;  and  the  height,  or  value  of  7j^,  due 

to  this  velocity,  taken  from  Table  II.,  is  7  =  "75  inch 

nearly ;  therefore,  from  equation  (55), 

J 696^4 s  ^  (18-75)^  -  (-75)^ 

-628  V 27x"l8-75        '  V  18-75 

The  value  of 696^4 ^  ^^^^  Table  VI.) 

■628  V  2  </  X  18-76 

is ^^ =  f„t4^  =  1-84  feet  =  22-08  in.; 

»  M  o««  rrir  878-8* 

r  X  iT^r  X  893-75 

S  1876 

.  ^  (18*75)1  -_(*75)i  ^  .  ^  ,3,^g  ^^^J^St 
3  V  18*76  ^  *     V18-75 

=  12*5  -  I  X    *4^-  =  12*5  -  -1  =  12*4. 
3       4*33 

Hence  d^  =  22*08  —  12*4  =  9*68  inches,  or  about  1 

inch  less  than  the  value  previously  found  from  equa- 

*  This  is  found  from  Tablx  II.  more  readily. 
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Hon  (54).  The  mean  coefficient  of  discharge  was  here 
assumed  to  be  *628.  Experiments  on  submerged  weira 
show  that  the  value  of  c^  varies  from  '6  up  to  '8,  but 
as  this  coefficient  would  reduce  the  value  of  d^,  or  the 
depth  of  the  top  of  the  weir  below  the  surface,  it  i& 
safer  (where  a  given  depth  above  a  weir  must  be  ob- 
tained)  to  use  the  lesser  and  ordinary  coefficients  of 
perfect  weirs,  with  a  clear  overfall,  for  finding  the  crest 
levels  of  submerged  weirs,  when  it  is  necessary  to  con- 
struct them.  If  the  coefficient  '8  were  used  in  th& 
previous  calculation,  then  would  have  been  found  rfj  = 

•628x22^  _  J2-4  =  17-83  -  12-4  =  4-93  in.,  or 
'8 

not  much  more  than  half  the  previous  value ;  and  thi& 

would  only  increase  the  whole  height  of  the  weir  hy 

9-68  -  4-93  =  4-75  inches. 

As  D  =  J  c^  Z  VYg  {{di  +  K)^  —  //|}  for  a  perfect. 

weir  with  a  free  overfall,  it  is  clear  that  when  d  is 

greater  than  j  Q  i  V  2  jf  {(rfi  +  /jJ^  —  hi},  the  weir  is. 

imperfect  or  submerged.  For  backwater  curve  see 
Section  X. 

In  the  following  table  of  coefficients  from  Lesbros*^ 
Js  is  measui'ed  fr*om  that  point  below  the  weir  where 
its  value  is  a  minimum.  On  examining  equation  (52),. 
it  will  be  seen  that  the  equation  d  =z  c^l  (di  +  d^ 
\/  2  g  di  adopted  by  Lesbros  is  incorrect,  and  can  only 
be  safely  used  within  the  limits  of  his  experiments. 

*  Vide  p.  84,  deuxiemo  Edition,  HydrauIiqaOy  par  Arthur  Morin.. 
Paria,  1858. 
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COEFFICIENTS  FOR  SUBMERGED  NOTCHES. 


Values  of 

Values  of  the 
coefficient  e^ 

In  the  formula 
X  V2  g  dj. 

Values  of 

Values  of  the 
coefficient  e^ 

in  the  formula 

D  =  c^  t  (di  +  ^'t) 
X  y/2gd~. 

\         d,+d^ 

•001 

•227 

•060 

•519 

•002 

•295                        -980 

•517 

•003 

•363                       -100 

•516 

-150 

•512 

•004 

•430 

•200 

•507 

•r.05 

•496 

•250 

•502 

•006 

•656 

•300 

•497 

•007 

•697 

•350 

•492 

•008 

•606 

•400 

•487 

•009 

•600 

•450 

•480 

•010 

•596 

•015 

•580 

•500 

•474 

•020 

•570 

•560 

•466 

•025 

•557 

•600 

•459 

•030 

•546 

•700 

•444 

•036 

•637 

•800 

•427 

•040 

•531 

•900 

•409 

•045 

•626 

rooo 

•390 

•060 

•622 

»» 

*> 

The  experimental  values  are  those  shown  between  th< 
:  the  others  above  the  upper  ones,  and  below  the  lower  on 
'  from  calculation  by  LesSros. 

B  horizontal  lines, 
es,  were  deduced 

The  true  value  of  the  discharge  is  expressed  by  the 

•equation  i>  =  CdZ-|gdi  +  ^!'    X  V  2  g  di,  and  the 

values  of  c^  in  the  above  table  are,  therefore,  too  smalls 
applied  to  the  correct  formula.  When  di  =  d^  the 
table  gives  c^  =  '474.  Now  for  weirs  in  which  the 
sheet  passing  over  is  "drowned,"  the  general  value  of 
the  coefficient  is  about  '67 ;  this  would  give  the  coeffi- 
cient for  the  lower  portion  rfj,  in  the  true  formula,  equal 
to  '508,  and  a  mean  coefficient  c^  in  the  correct  formula 
(52)  equal  to  '569  nearly.  When  d^  =  200  di,  the  ap- 
parent limits  of  the  experiments  on  the  other  side,  then 
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the  mean  value  of  c^  =  "496  nearly  in  equation  (52)^ 
These  results  would  show  that  the  coefficient  due  to 
the  submerged  depth  CZ2,  in  the  first  and  last  experi- 
ments, is  equal  to  about  "5  nearly,  (but  varies  to  '6 
nearly  in  some  of  the  middle  experiments,)  or  there- 
abouts, and,  therefore,  equation  (52)  for  submerged 
weirs,  as  the  coefficient  for  the  upper  part  dj  is  •67> 
would  become 

(52a.)    j>  =  1  X  ['US  di  4-  -5  rfj}  X  V  2gdi; 
which  for  feet  measures  would  become  again 

(52b.)    D  =  l  X  VT/i  X  {3-56  di  +  4  rfj}, 
for  the  discharge  in  cubic  feet  per  second  over  a  sub- 
merged weir,  Fig.  22. 


CONTRACTED  RIVER  CHANNELS. 

When  the  banks  of  a  river,  whose  bed  has  a  uniform 
inclination,  approach  each  other,  and  contract  the 
width  of  the  channel  in  any  way,  as  in  Fig.  23,  the 


water  will  rise  in  the  channel  above  the  contracted  por- 
tion A,  until  the  increased  velocity  of  discharge  com- 
pensates for  the  reduced  cross  section.  If,  as  before, 
rfi  be  put  for  the  increase  of  depth  immediately  above 
the  contracted  width,  and  rfj  for  the  previous  depth  of 
the  channel,  the  quantity  of  water  passing  through  the 

lower  depth,  f/2,  is  equal  to  c^l  d^  '^Z  2  g  rfj,  in  which  I 
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is  the  width  of  the  contracted  channel  at  a,  and  the 
quantity  of  water  overflowing  through  di  equal  to  -  x 

<^ldi  VZgdi;  and  hence  the  whole  discharge  through 
ji  is 

(56.)  jy^c^i^  2y^(^  +  l^i)- 

AVhen  the  object  is  to  find  the  width  I  of  the  contracted 
channel,  so  that  the  depth  of  water  in  the  upper 
«tretch  shall  be  increased  by  a  given  depth  rfi,  then 
shall 

<57.)  I  = -^ — 

Ca>/2gdi\d2  +  -d^j 

"When  the  velocity  of  approach  is  considerable,  or  when 
the  height  %«  ^^^  to  it  becomes  a  large  portion  of  r/i, 
its  effect  must  not  be  neglected.  In  this  case,  as  before, 
the  discharge  through  the  depth  d^  is  equal  to  c^  2  ^  X 

V  2  (/  (rfj  +  hj  ;  and  the  discharge  through  the  depth 

di  equal  to  -c^l  V  2  ^  {{di  +  K)^  —  hi};  and  hence 

the  whole  discharge  is 

(58.)  D=ca  i  V  2^  {(f,  (rfj  +  K)i  +  I  [(d,  +  /.,)*  -  ht\}  ; 

from  which  may  be  found 

(59.)    1=  — 5 

Q  V  2  i/  {d,  (di  +  hj  +  \  [(rfi  +  hj  -  h\]} 

If  the  projecting  spur  or  jetty  at  a  be  itself  sub- 
merged, these  formulae  must  be  extended  ;  the  manner 
•of  doing  so,  however,  presents  no  diflficulty,  as  it  is 
only  necessary  to  find  the  discharges  of  the  different 
sections  according  to  the  preceding  formulsB,  and  then 
•Add    them    together ;    but   the  resulting  formula  so 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  14S 

found    is    too  complicated    to  be  of  much  practical 
value. 


HEADS  ARISING  FROM  PIERS  AND  BACKWATER  ABOVE 

BRIDGES. 

Equations  (56),  (57),  (58),  and  (59),  are  applicable 
to  cases  of  contraction  of  river  channels  caused  by  the 
construction  of  bridge-piers  and  abutments,  when  the 
width  {  is  put  for  the  sum  of  the  openings  between 
them.  The  value  of  the  coefficient  c^  will  depend  on 
the  peculiar  circumstances  of  each  case ;  it  was  shown 
that  it  rises  from  '5  to  '7  in  some  cases  of  submerged 
weirs,  and  for  cases  of  contracted  channels  it  rises 
sometimes  as  high  as  '8,  particularly  when  they  are 
analogous  to  those  for  the  discharge  through  mouth- 
pieces and  short  tubes.  When  the  heads  of  the  piers 
are  square  to  the  channel,  the  coefficient  may  be  taken 
at  about  *6;  when  the  angles  of  the  cut-waters  or 
sterlings  are  obtuse,  it  may  be  taken  at  about  '7  ;  and 
when  ciured  and  acute,  at  '8.  With  this  coefficient,  a 
head  of  2f  inches  will  give  a  velocity  of  very  nearly  86 
inches,  or  8  feet  per  second ;  but  as  a  certain  amount 
of  loss  takes  place  from  the  velocity  of  the  tail-water 
being  in  general  less  than  that  through  the  arch,  also 
from  obstructions  in  the  passage,  and  from  square- 
headed  and  veiy  short  piers,  the  coefficient  may  be  so 
small  in  some  cases  as  *5,  which  would  require  a  head 
of  6f  inches  to  obtain  the  same  velocity.  This  head  is 
to  the  former  as  64  to  21.  The  selection  of  the  proper 
coefficient  suited  to  any  particular  case  is,  therefore,  a 
matter  of  the  first  importance  in  determining  the  effect 
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of  obstructions  in  river  channels  :  this  subject  shall  be 
referred  to  again,  but  it  is  necessary  to  observe  here, 
that  the  form  of  the  approaches,  the  length  of  the  piers 
compared  with  the  distance  between  them,  or  span^ 
and  the  length  and  form  of  the  obstruction  compared 
with  the  width  of  the  channel,  must  be  duly  considered 
before  the  coefficient  suited  to  the  particular  case  can 
be  fixed  upon.  Indeed,  the  coefficients  will  always 
approximate  towards  those,  given  in  the  next  section, 
for  mouth-pieces,  shoots,  and  short  tubes  similarly  cir- 
cumstanced. For  some  further  remarks  on  contracted 
channels,  see  Section  X. 


SECTION  VL 

SHORT  TUBES,  MOUTH-PIECES,  AND  APPROACHES. — ^AL- 
TERATION IN  THE  COEFFICIENTS  FROM  FRICTION  BY 
INCREASING  THE  LENGTH. — COEFFICIENTS  OF  DIS- 
CHARGE FOR  SIMPLE  AND  COMPOUND  SHORT  TUBES. 
— SHOOTS. 

The  only  orifices  heretofore  referred  to  were  those 
in  thin  plates  or  planks,  with  a  few  incidental  excep- 
tions. It  has  been  shown,  page  86,  Fig.  4,  that  a 
roimding  off,  next  the  water,  of  the  mouth-piece  in- 
creases the  coefficient ;  and  when  the  curving  assumes 
the  form  of  the  vena-contracta,  the  coefficient  increases 
to  '986,  or  nearly  unity  for  the  outer  orifice.  The  dis- 
charge from  a  short  cylindrical  tube  a.  Fig.  24,  whose 
length  is  from  one  and  a  half  to  three  times  the  diameter, 
is  found  to  be  very  nearly  an  arithmetical  mean  between 
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the  theoretical  discharge  and  the  discharge  through  a 
circular  orifice  in  a  thin  plate  of  the  same  diameter  as 
the  tube,  or  '814  nearly.  If,  however,  the  inner  arris 
be  rounded,  or  chamfered  off  in  any  way,  the  coefficient 
will  increase  until,  in  the  tube  b.  Fig.  24,  with  a  pro- 
perly-rounded junction,  it  becomes  unity  very  nearly. 

Rg.  24. 


In  the  conical  short  tubes  c  and  d  the  coefficients  are 
found  to  vary  according  to  some  function  of  the  con- 
verging or  diverging  angles  o,  o,  and  according  as  the 
lesser  or  greater  diameter  is  taken  to  calculate  from. 
When  the  length  of  the  tube  exceeds  twice  the  dia- 
meter, the  friction  of  the  water  against  the  sides  may 
be  taken  into  account. 

The  following  table,  calculated,  for  a  coefficient  of 
friction  '00699,  due  to  a  discharging  velocity  of  ahovi 
eighteen  inches  per  second,  see  Section  VIII.,  shows 
the  resistance  arising  from  friction  in  pipes  of  different 
lengths  in  relation  to  the  diameter,  and  will  be  found 
of  considerable  practical  value.  It  will  be  perceived 
that  the  calculations  are  made  for  three  different 
orifices  of  entry.  First,  when  the  arrises  are  rounded, 
as  in  B,  Fig.  24,  with  a  coefficient  of  *986 ;  secondly. 
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COSFFICIEirrS  FOK  SHORT  AND  LONO 

TUBZS. 

Velocities  about  1*5  foot  per  second. 

Number  of 
diameters  in 

Correspondiniir 
ooeffidenta  of  dls- 

Number  of 
diameterain 

Corresponding 
coefficients  of  dis- 

the length 
of  the  ppe. 

chBTge,  showing  the 
effects  of  fricnon. 

the  length 
of  the  pipe. 

charge,  showing  the 
eifects  of  fUenon. 

2  diameters 

•986 

•814 

•715 

650  diametezn 

•228 

•225 

•228 

6 

•986 

•779 

•690 

700        „ 

•220 

•217 

•216 

10 

•884 

•747 

'668 

750        „ 

•218 

•211 

•209 

15 

•840 

•720 

•649 

800        „ 

•206 

•205 

•203 

20 

•801 

•695 

•680 

850        „ 

•201 

•199 

•197 

25 

•767 

•678 

•615 

900        „ 

•195 

•193 

•192 

80 

•787 

•658 

•598 

950        „ 

•190 

•189 

•187 

85 

•711 

•684 

•584 

1000        „ 

•186 

•184 

•188 

40 

•698 

•617 

•670 

1100        „ 

•177 

•176 

•175 

45 

•665 

•601 

•558 

1200 

•170 

•169 

•168 

60 

•646 

•586 

•546 

1400        „ 

•168 

•157 

•156 

100 

•518 

•480 

•458 

1600        „ 

•148 

•147 

•146 

150 

•489 

•418 

•403 

1800        „ 

•139 

•189 

•188 

200 

•889 

•375 

•364 

2000        ,, 

•132 

•182 

•181 

250 

•864 

•345 

•834 

2200        ,, 

•126 

•126 

•125 

800 

•327 

•318 

•311 

2400 

•120 

•120 

•120 

350 

•804 

•297 

•292 

2600 

•116 

•116 

•116 

400 

4 

•287 

•280 

•276 

2800        „ 

•112 

•112 

•112 

450 

•271 

•266 

•262 

8000        „ 

•108 

•108 

•108 

500 

•258 

•264 

•250 

8200        ,, 

•106 

•105 

•104 

560 

•247 

•248 

•240 

8400        „ 

•102 

•102 

•101 

600 

»t 

•287 

•284 

•281 

8600        „ 

•099    ^099 

•099 

See  p.  199. 

when  the  arrises  are  square,  as  in  a,  with  a  coefficient 
of  'SIS ;  and,  thirdly,  when  the  pipe  projects  into  the 
yessel,  when  the  coefficient  of  entry  becomes  reduced 

to  '715.     The  velocity  is      

V  =  c^  V  2g  h, 
h  being  measured  to  the  centre;  lower  end  of  the  tube. 
It  is  seen  from  this  table,  that  the  effect  of  adding 
to  the  length  of  the  pipe  is  greatest  next^the  orifice 
of  entry.  The  effect  of  a  few  diamet^s  added  to  the 
length  in  long  pipes  is,  practically,  immaterial ;  but 
in  short  pipes  it  is  considerable. 
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As  for  orifices  in  thin  plates,  so  also  for  short  tubes, 
the  coefficients  are  found  to  vary  according  to  the 
depth  of  the  centre  below  the  surface  of  the  water, 
and  to  increase  as  the  depths  and  diameter  of  the 
tube  decrease.  Foleni  first  remarked  that  the  dis- 
charge through  a  short  tube  was  greater  than  that 
through  a  simple  orifice,  of  the  same  diameter,  in  the 
proportion  of  183  to  100,  or  as  '617  to  "821. 

CYLINDRICAL    SHORT  TUBES,   A,   FIG.   24. 

The  experiments  of  Bossut,  as  reduced  by  Prony, 
give  the  following  coefficients,  at  the  corresponding 
depths,  for  a  cylindrical  tube  a.  Fig.  24,  1  inch  in 
diameter  and  2  inches  long.     The  depths  are  given  in 


COEFFICIENTS 

FOR  SHORT  TUBES,  FROM  BOSS^T. 

HoadB 
in  feet 

Coefficients. 

Heads 
in  feet 

Coefficients. 

Heads 
in  feet. 

Coefficients. 

1 
2 
3 
4 
5 

•818 
•807 
•807 
•807 
•806 

6 
7 
8 
9 
10 

•806 
•806 
•805 
•806 
•805 

11 
12 
18 
14 

15 

•805 
•804 
•804 
•804 
•808 

Paris  feet  in  the  original,  but  the  coefficients  remain 
the  same,  practically,  for  depths  in  English  feet. 

Yenturi's  experiments  give  a  coefficient  *823  for  a 
short  tube  a,  1^  inch  in  diameter  and  4^  inches  long, 
at  a  depth  of  2  feet  8^  inches,  the  coefficient  through 
an  orifice  in  a  thin  plate  of  the  same  diameter  and  at 
the  same  depth  being  *622.  The  author  has  calculated 
these  coefficients,  from  the  original  experiments.  The 
measures  were  in  Paris  feet  and  inches,  from  which 
the  calculations  were  directly  made ;  and  as  the  differ- 

l2 
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ence  in  the  coefficient  for  small  changes  of  depth  or 
dimensions  is  immaterial  or  vanishes,  as  may  be  seen 
by  the  foregoing  small  table,  and  as  1  Paris  inch  or 
foot  is  equal  to  1'0658  English  inches  or  feet,  the 
former  measures  exceed  the  latter  by  only  about  -ry^- 
It  may  therefore  be  assumed  that  the  coefficient  for  any 
orifice,  at  any  depth,  is  the  same,  whether  the  dimensions 
be  in  Pai*is  or  English  feet,  or  inches.  This  remark 
will  be  found  generally  useful  in  the  consideration  of 
the  older  continental  experiments,  and  will  prevent 
unnecessary  reductions  from  one  standard  to  another 
where  the  coefficients  only  have  to  be  considered. 

The  mean  value  derived  from  the  experiments  of 
IVIichelotti,  at  depths  from  8  to  20  feet,  and  with  short 
tubes  A  from  J  inch  to  8  inches  in  width,  is  c^  =  •814. 
Buflf's  experiments*  give  the  following  results  for  a 
tube  T*y  of  an  inch  wide  and  -^  of  an  inch  long  nearly. 
buff's  coefficients  for  shall  short  tubes. 


Head  in 
inches. 

Coeffioient 

Heiidin 
inches. 

Coefficient 

Head  in 
inches. 

Coefficient 

2i 

•855 
•861 

6 
14 

•840 
•840 

23 
32 

•829 
•826 

The  increase  for  smaller  tubes  and  for  lesser  depths 
appears  by  comparing  these  results  with  the  foregoing, 
and  from  the  results  in  themselves,  generally.  Weis- 
bach*s  experiments  give  a  mean  value  for  Cd=*815,  and 
for  depths  of  from  9  to  24  inches  the  coefficients  '848, 

4     ft    U  IS 

•882,  '821,  '810  respectively,  for  tubes  -,  -,  -  and  jj  of  an 
inch  wide,  the  length  of  each  tube  being  three  times  the 

*  Annalen  der  Fhysik  und  Chemie  yon  Poggendorff,  1839,    Band 
46,  p.  243. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 


149 


diameter.  D'Aubuisson  and  Castel's  experiments  with 
a  tube  '61  inch  diameter  and  1'57  inch  long,  give  '829 
for  the  coefficient  at  a  depth  of  10  feet.  When  a  pipe 
projects  into  a  cistern  and  has  a  sharp  edge,  the 
coefficient  falls  so  low  as  'TIS. 

The  coefficients  in  the  following  two  short  tables 
were  calculated  by  the  author  from  Rennie's  experi- 
ments with  glass  orifices  and  tubes,  Table  7,  p.  485, 
Philosophical  Transactions  for  1831.  The  form  of 
the  orifices,  or  length  of  the  shorter  tubes  is  not 
stated,  but  it  is  probable  from  the  result,  that  the 
arrises  of  tlie  ends  were  in  some  way  rounded  oflf ;  it 
is  stated  they  were  "enlarged."  Indeed,  the  dis- 
charges from  the   short    tube   or  orifice   of  J  inch 

COEFFICIENTS  FOR  SHORT  TtJBF^,  THE  ENDS  ENLARGED. 


Head 
in  feet 

iinnh 

^inch 
diameter. 

finch 
diameter. 

linch 
diameter. 

1 
2 
3 
4 

1-281 
1-261 
1-846 
1-261 

•881 
•839 
•838 
•831 

•766 
•820 
•821 
•829 

•912 
-920 
•880 
•991 

diameter  exceed  the  theoretical  ones  in  the  proportion 
of  1-261  to  1,  and  1-846  to  1.  These  results  could 
not  have  been  derived  from  a  simple  cylindrical  tube, 
but  might  have  arisen  from  the  arrises  being  more  or 
less  rounded  at  both  ends,  and  the  orifice  partaking  of 
the  nature  of  a  compound  tube,  which  may  be  con- 
structed, as  shall  hereafter  be  shown,  so  as  to  increase 
the  theoretical  discharge  from  1  up  to  1*558.  The 
resulting  coefficients  for  the  ^  and  f  inch  tubes, 
approach  very  closely  to    those   obtained    by  other 
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experimenters,  but  those  for  the  inch  tube  are  too 
high,  unless  the  arris  at  the  ends  was  also  rounded. 
The  coefficients  derived  from  the  experiments 
with  a  cylindrical  glass  tube  1  foot  long,  as  here 
given,  are  very  variable;    like  the  others  they  are, 

COEFFICIENTS  DERIVED  FROM  EXPERIMENTS  WITH  A  GLASS  TUBE 

ONE  FOOT  LONG. 


HeodB 

iinch' 

^Ineh 

}lnch 

lineh 

in  feet 

diameter. 

diameter. 

diameter. 

diameter. 

1 

•892 

•708 

•691 

•760 

2 

•914 

•784 

•718 

•749 

3 

•831 

•723 

•709 

•777 

4 

•914 

•725 

•677 

•815 

however,  valuable,  as  exhibiting  the  uncertainty  at- 
tending '^  experiments  of  this  nature,"  and  the  neces- 
sity for  minutely  observing  and  recording  every 
circumstance  which  tends  to  alter  and  modify  them. 
Indeed,  for  small  tubes,  a  very  slight  difference  in  the 
measurement  of  the  diameter  must  alter  the  result  a 
good  deal,  particularly  when  it  is  recollected  that 
measurements  are  seldom  taken  more  closely  than  the 
sixteenth  of  an  inch,  unless  in  special  cases.  As  the 
author,  however,  states,  p.  433  of  the  work  referred 
to,  that  the  **  diameters  of  the  tubes  at  their  extremi- 
ties were  carefully  enlarged  to  prevent  wire  edges 
from  diminishing  the  sections  ; "  this  circumstance 
alone  must  have  modified  the  discharges,  and  would 
account  for  most  of  the  differences. 

The  coefficient  for  rectangular  short  tubes  differs 
in  no  way  materially  from  those  given  for  cylindrical 
ones,  and  may  be  taken  on  an  average  at  *814 
or  -815. 
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SHORT  TUBES  WITH  A  ROUNDED  MOUTH-PIECE,    B, 

FIG.   24. 

When  the  junction  of  a  short  tube  with  a  vessel  takes 
the  form  of  the  contracted  vein.  Figs.  8  and  4,  pp.  85 
and  36,  the  mean  value  of  the  coefficient  c^  =  '956, 
and  the  actual  discharge  is  found  to  be  from  98  to  99 
j)er  cent,  of  the  theoretical  discharge.  Weisbach,  for 
a  tube  1^  inch  long  and  -f^  inch  diameter,  rounded  at 
the  junction,  found  at  1  foot  deep  c^  =  *958,  at  5  feet 
deep  Cd  =  '969,  and  at  10  feet  deep  c^  =  '975.  These 
experiments  show  an  increase  in  the  coefficients,  in 
this  particular  case,  for  an  increase  of  depth.  Any 
other  form  of  junction  than  that  of  the  contracted 
vein,  will  reduce  the  discharge,  and  the  coefficients 
will  vary  from  '715  to  "814,  and  to  '986,  according  to 
the  change  in  the  jimction  from  the  cylindrical,  pro* 
jecting  into  the  vessel,  to  the  square  and  properly 
curved  forms.  The  coefficients  derived  from  Venturi's 
experiments  will  be  given  hereafter. 

SHORT  CONICAL  CONVERGENT  TUBES,  C,  FIG.  24. 

The  experiments  of  D'Aubuisson  and  Castel  lead  to 
the  following  coefficients  of  discharge  and  velocity* 
from  a  conically  convergent  tube  c  at  a  depth  of  10 
feet.  The  original  angles  and  coefficients  are  here 
interpolated  so  as  to  render  the  table  more  convenient 
to  refer  to,  for  practical  purposes,  than  the  original. 
The  diameter  of  the  tube  at  the  smaller  or  discharging 
orifice  in  the  experiments  was  '61  inches,  and  the 

*  Traits  d'Hydratiliqae,  Paris,  p.  60. 
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COEFFICIENTS  FOR  CONICAL  CONVERGENT  TUB18, 


Con- 

Coelicient 

CMffident 

Con- 

CoeflScient 

Coefficient 

▼erffing 
angle  o. 

ofdiB- 
charge. 

of 
velocity. 

yersing 
angle  0. 

of  dis- 
charge. 

of 
velocity. 

1" 

•868 

•858 

14" 

•943 

•964 

2'' 

•873 

•878 

16" 

•987 

•970 

S** 

•908 

•908 

18' 

•931 

•971 

4'' 

•910 

•909 

20* 

•922 

•971 

6' 

•920 

•916 

22" 

•917 

•978 

6' 

•926 

•923 

26" 

•904 

•975 

9r 

•931 

•983 

80° 

•895 

•976 

10" 

•937 

.     •960 

40" 

•869 

•980 

12° 

•942 

•966 

60" 

•844 

•985 

length  of  the  axis  1*57  inch ;  that  is,  the  length  was 
2*6  times  the  smaller  diameter  of  the  tube.  The  co- 
efficient became  *829  for  the  cylindrical  tube,  i.  e, 
when  the  angle  at  o  was  nothing.  The  angle  of 
convergence  o  determines,  from  the  proportions,  the 
length  of  the  inner  and  longer  diameter  of  the  tube. 
The  coefficients  of  discharge  increase  up  to  *948  for 
an  angle  of  13^  or  14  degrees,  after  which  they  again 
decrease ;  but  the  coefficients  of  velocity  increase  as 
the  angle  of  convergence,  o,  increases  from  *829, 
when  the  angle  is  zero  up  to  *985  for  an  angle  of  50 
degrees. 

When  D  is  the  discharge  and  a  the  area  of  the 

section,  as  before  shown,  d  —  c^Jl  ^  2  g  h;  but  as, 
in  conically  convergent  or  divergent  tubes,  the  inner 
and  outer  areas  (or,  as  they  may  be  called,  the  re- 
ceiving and  discharging  sections)  vary,  it  is  clear  that, 
the  discharge  being  the  same,  and  also  the  theoretical 

velocity  V  2  51  A,  the  coefficient  c^  must  vary  inversely 
with  the  sectional  area  a,  and  that  c^  X  a  must  be 
constant.     For  the  coefficients  tabulated,  the  sectional 
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area  to  be  used  is  that  at  the  smaller  or  outside  end 
of  a  convergent  tube  c,  Fig.  24. 

For  a  short  tube  c,  whose  length  is  *92  inch,  lesser 
diameter  1*21  inch,  and  greater  diameter  1*5  inch,  the 
author  has  found,  from  Yenturi's  experiments,  that 
Cd  =  '607  if  the  larger  diameter  be  used  in  the  calcu- 
lation, and  c^  =  '984  when  the  lesser  diameter  is  made 
use  of,  the  discharge  taking  place  under  a  pressure  of 
2  feet  8^  inches. 

The  earUer  experiments  of  Poleni,  when  reduced, 
furnish  us  with  the  following  coefficients:  A  tube  7*67 
inches  long,  2*167  inches  diameter  at  each  end,  gave 
c^  =  '854 ;  the  like  tube  with  the  inner  or  receiving 
orifice  increased  to  2}  inches,  c^  =  '903  ;  increased  to 
8*5  inches,  q  =  *898 ;  increased  to  5  inches,  c^  =  '888; 
and  increased  to  9*88  inches,  c^  =  *864.  The  deptli 
or  head  was  21*83  inches,  the  discharging  orifice 
2*167  inches  diameter,  and  the  length  7*67  inches,  in 
each  case. 

In  the  conically  divergent  tube  d.  Fig.  24,  the  co- 
efficient of  discharge  is  larger  than  for  the  same  tube 
c,  convergent,  when  the  water  fills  both  tubes,  and 
the  smaller  sections,  or  those  at  the  same  distances 
from  the  centres  o  o,  are  made  use  of  in  the  calcu- 
lations. A  tube  whose  angle  of  convergence,  o,  is  5, 
nearly,  with  a  head  of  from  1  to  10  feet,  whose  axial 
length  is  3^  inches,  smaller  diameter  1  inch,  and  lar- 
ger diameter  1*8  inch,  gives,  when  placed  as  at  c,  '921 
for  the  coefficient ;  but  when  placed  as  at  d,  the  co- 
efficient increases  to  '948.  In  the  first  case  the 
smaller  area,  used  in  both  calculations,  being  the  re- 
ceiving, and  in  the   other  the   discharging,  orifice. 
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The  coefficient  of  velocity  is,  however,  larger  fof  the 
tube  c  than  for  the  tube  d,  and  the  discharging  jet 
of  water  has  a  greater  amplitude  in  falling.  The 
effects  of  conically  diverging  tubes  will,  however,  be 
better  perceived  from  the  experiments  on  compound 
short  tubes. 


EFFECTS   OF   COMPOUND    ADJUTAGES   AND   ADMISSION   OP 

AIR  INTO   SHORT   TUBES. 

If  the  tube  a  Fig.  24,  be  pierced  all  round  with 
small  holes  at  the  distance  of  about  half  its  diameter 
from  the  reservoir,  the  discharge  will  be  immediately 
reduced  in  the  proportion  of  '814  to  'GIT-  Venturi 
found  the  reduction  for  a  tube  1\  inch  diameter  and 
A\  inches  long,  at  a  depth  of  2  feet  10^  inches,  as  41 
to  81,  or  as  '828  to  6'22.  As  long  as  one  hole  re- 
mained open,  the  discharge  continued  at  the  same 
reduced  rate ;  but  when  the  last  hole  was  stopped, 
the  discharge  again  increased  to  the  original  quantity. 
If  a  small  hole  be  pierced  in  a  tube  4  diameters  long, 
nt  the  distance  of  1^  or  2  diameters  at  nearest  to  the 
junction,  the  discharge  will  remain  unaffected.  This 
shows  that  the  contraction  in  the  cylindrical  tube 
extends  only  a  short  distance  from  the  junction,  pro- 
bably 1 J  or  1 J  diameter,  including  the  whole  curvature 
of  the  contraction. 

The  contraction  at  the  entrance  into  a  tube  from  a 
reservoir  accounts  for  the  coefficients  for  a  short  tube 
A,  Fig.  24,  and  the  short  tubes,  diagrams  1  and  2, 
Fig.  26,  being  each  the  same  decimal  nearly,  when 
o  R :  o  r : :  1 :  '8,  ©r  when  o  r  is  not  less  than  o  R  X  '79, 
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and  is  at  the  distance  of  nearly  —  from  o  R.      The 

form  of  the  junction  o  o  r  b  remaining  as  described, 
the  following  coefficients  will  enable  us  to  judge  of  the 
discharging  powers  of  differently  formed  short  mouth- 
pieces. They  have  been  deduced  and  calculated, 
principally,  from  Venturi's  experiments.* 

Fig.  25. 


These  coefficients  show  very  clearly  that  any  cal- 
culations from  the  mere  head  of  water  and  size  of  the 
orifice,  without  taking  into  consideration  the  form  of 
the  discharging  tube  and  its  connection  with  the  re- 
servoir, are  very  uncertain ;  and  that  the  discharge  can 
only  be  correctly  obtained  when  aU  the  circumstances 
of  the  case,  including  the  form  of  the  discharging 
orifice  and  its  approaches  have  been  duly  considered. 

When  a  tube  similar  to  diagram  6,  Fig.  25,  has  the 
junction  o  o  r  b  rounded,  as  in  Fig.  4,  page  86,  the 
outer  extremity  «  t  s  t,  such  that  »t  =  or,«s=9«f, 
and  the  diameter  s  t  =  1*8  times  the  diameter  b  t,  with 
a  short  central  cylindrical  piece  o  r  a  t  between,  the 

*  See  Nicholson's  translation  of  Ventari's  Experimental  Inquiries, 
published  in  the  Tracts  on  Hydraulics,  London,  1836.  The  coefficients 
in  the  table,  next  page,  were  all  calculated  for  the  first  time  by  the 
Author. 
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TABLE  OF  COEPFIGIENTS  FOR  SHORT  TUBES  AND  HOUTH-PIECES. 


Deicription  of  orifice,  mouth-pioce,  or  short  tube. 


1.  An  orifice  U  ii^ch  diameter  in  a  thin  plate  .       .    . 

2.  A  cylindrical  tube  1^  inch  diameter  and  4^  inches 

long,  A,  Pig.  24 

8.  A  short  tube  with  a  sharp  end  projecting  into  the 
cistern 

4.  A  cylindrical  tube,  B,  Fig.  24,  having  the  junction 

rounded,  as  in  Fig.  4,  page  36 

5.  A  short  conical  convei^ent  mouth-piece,  o,  Fig.  24, 

of  the  proportions  of  00  rB,  Fig.  25   .  .    . 

6.  The  like  tube  divergent,  with  the  smaller  diameter 

at  the  1  unction  with  the  reservoir ;  length  3i 
iuches,  lesser  diameter  1  inch,  and  greater  dia- 
meter 1*3  inch  

7.  The  tube,  oouvvr,  diagram  2,  Fig.  25,  when  o rs 

1^  inch,  •r=l-21  inch,  tiv=l'21  inch,  and  ou=i 
r  vs2  inches,  the  cylindrical  portion  being  shown 
by  dotted  lines 

8.  The  same  tube  when  ou=ll  inches  . 

„  The  same  tube  when  ov= 23  inches      .        .       .    . 

9.  The  tube,  ooi&TtrR,  diagram  2,  Fig.  25,  in  which 

o  R=«  f =8  T=l(  inch,  ftota  o  to  <  If  inch,  and  <  8= 
3  inches,  gives  the  same  coefficient  as  the  cylin- 
drical tube,  result  No.  2  (see  No.  19X  vis. 

10.  The  tube,  diagram  1.  Fig.  25,  0R=1}  inch  .        .    . 

11.  The  some  tube,  having  the  spaces  oto  and  vf  R 

between  the  mouth-piece  oorR  and  the  cylin- 
drical tube  o  s  T  K  open  to  the  infiux  of  tiie  water. 

12.  The  double  conical  tube,  o  o  s  t  r  r,  diagram  8,  Fig. 

25,  when  or=8t=1^  inch,  or=l-21  inch,  oo= 
-92  inch,  and  osci4'l  inches 

13.  The  like  tube  when,  as  in  diagram  A,  Fig.   25, 

o  0 r  Rso  a T  r,  and  o  0 Sal -84  in^ 

14.  The  like  tube  when,  bt=i1-46  inch,  and  0  8=217 

inches 

15.  The  like  tube  when  a  t=3  inches,  and  o  8s9| 

inches 

16.  The  like  tuTie  when  o  s=6i  inches,  and  a  t  enloxged 

to  1-92  inch 

17.  The  like  tube  when  ST=2i  Inches,  and  oa=12i 

inches 

18.  A  tube,  diagram  5,  Fig.  25,  when  o«=re&:  8  inches, 

o  r=t  f =1  -21  inch,  and  the  tube  o  s  T  r  the  same  as 
described  in  No.  12,  viz.  ST=li  inch,  and  «8=4-l 
inches 

19.  The  tube,  diagram  2,  Fig.  25,  when  a  t  is  enlarged 

to  1-97  inch,  and  «s  to  7  inches,  the  other  dimen- 
sions remninine  as  in  No.  9 

20.  When  the  Junction  ot  art  with  fSTt,  diagram  2, 

Fig.  25,  is  improved,  the  other  parts  remakdng  as 
described  in  No.  9 

21.  Another  experiment  gives 


■622 
•823 
•715 
•611 
•607 

•661 


•600 
•567 
•531 


•823 
•804 


•785 


•974 
•823 
•715 
•956 
•934 


■948 


•923 
•878 
•817 


1-266 
1^287 


1*200 


•928 

1-428 

•823 

1-266 

•828 

1-266 

•911 

1400 

1-020 

1-569 

1-215 

1865 

•895 

1-877 

•945 

1454 

•850 
•847 

1-809 
1-803 
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coefficient  of  discharge,  corresponding  to  the  diameter 
o  T  =  T  s  will  increase  to  1*498  or  1*555  ;  that  is,  the 

discharge  is  —  =  2*4,  or  :^  =  2*5  times  as  much 

as  through  an  orifice  (whose  diameter  is  o  r)  in  a  thin 

plate;  and  ^    =   1*9  times  as  much  as  through  a 

short  cylindrical  tube  a,  Fig.  24,  whose  diameter  is 
also  o  r.  Yenturi  was  of  opinion  that  this  discharge 
continued  even  when  the  central  cylindrical  portion 
or  B  t  was  of  considerable  length ;  but  this  was  a  mis- 
take, as  the  maximum  discharge  is  obtained  when  it  is 
reduced  so  that  o  or  r  and  s  «  t  t  shall  join,  as  in 
diagram  8,  Fig.  25.  It  is  seen  from  No.  16  of  the  fore- 
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1*569 
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going  coefficients  that  —  =  2*52  and  —  =  1*91  are, 

perhaps,  nearer  to  the  maximum  results  obtainable 
by  comparing  the  discharge  from  a  compound  tube 
o  o  s  T  r  R,  diagram  8,  Fig.  25,  with  those  through  an 
orifice  in  a  thin  plate,  and  through  a  short  cylin- 
drical tube.  When  the  form 
of  the  tube  becomes  curvi- 
lineal  throughout,  as  in 
Fig.  26,  s  T  =  1*8  0  r  and 
o  s  =  9  o  r,  the  coefficient 
suited  to  the  diameter  o  r  will  be  1*57  nearly,  and  the 

1*67 

discharge  will  be  —  =  2*52  times  as  much  as  through 

an  orifice  o  r  in  a  thin  plate. 

The  whole  of  the  preceding  coefficients  have  been 
determined  from  circumstances  in  which  the  co- 
efficient for  an  orifice  in  a  thin  plate  was  '622,  and 
for  a  short  cylindrical  tube  -822  or  *828.  When  the 
circumstances  of  head  and  approaches  in  the  reservoir 


158  THE  DISCHARGE  OF  WATER  FROM 

are  such  as  to  increase  or  decrease  those  primaiy  co- 
efficients, the  other  coefficients  for  compound  adjutages 
will  have  to  be  increased  or  decreased  proportionately. 
After  examining  the  foregoing  results,  it  appears 
sufficiently  clear  that  the  utmost  effect  produced  by 
the  formation  of  the  compound  mouth-piece  o  o  s  t  r  r, 
with  the  exception  of  No.  17,  is  simply  a  restoration 
of  the  loss  effected  by  contraction  in  passing  through 
the  orifice  o  b  in  a  thin  plate,  and  that  the  coefficient 
2*5  applied  to  the  contracted  section  at  or  is  simply 
equal  to  the  theoretical  discharge^  or  the  coefficient  unity ^ 
applied  to  the  primary  orifice  o  r  ;  for,  as  orifice  o  r  : 
orifice  o  r  ::  1  :  '64,  very  nearly,  when  o  o  r  r  takes  the 
form  of  the  vena-contracta,  and  the  coefficient  of  dis- 
charge for  an  orifice  o  r  in  a  thin  plate  is  '622,  then  the 
ratio  of  the  theoretical  discharge  through  the  orifice 

0  R,  is  to  the  actual  discharge  through  an  orifice  o  r,  so  is 

1  to  '622  X  -64,  so  is  1  :  '89808  : :  1  :  '4  very  nearly ; 
and  as  '4  X  2*5  =  1,  it  is  clear  that  the  form  of  the 
tube  o  o  s  T  r  R,  when  it  produces  the  foregoing  effect, 
simply  restores  the  loss  caused  by  contraction  in  the 
vena-contracta.  Venturi's  sixteenth  experiment,  fi:om 
which  the  coefficients  in  No.  17  of  the  Table  are 
derived,  gives  the  coefficient  1'215  for  the  orifice  o  r. 
This  indicates  that  a  greater  discharge  than  the  theo- 
retical through  the  receiving  orifice  may  be  obtained. 
It  is,  however,  observable  that  Venturi,  in  his  seventh 
proposition,  does  not  rely  on  this  result,  and  Eytel- 
wein's  experiments  do  not  give  a  larger  coefficient  than 
2*5  applied  to  the  contracted  orifice  o  r,  which,  as 
above  shown,  is  equal  to  the  theoretical  discharge 
through  o  R. 
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SHOOTS. 

When  the  sides  and  under  edge  of  an  orifice  or 
notch  increase  in  thickness,  so  as  to  be  converted  into 
a  shoot  or  small  channel^  open  at  the  top,  the  co- 
efficients reduce  very  considerably,  and  to  some  extent 
beyond  what  the  increased  resistance  from  friction, 
particularly  for  small  depths,  appears  to  indicate. 
Poncelet  and  Lesbros*  found  for  orifices  8"  X  8'% 
that  the  addition  of  a  horizontal  shoot  21  inches  long 
reduced  the  coefficient  from  '604  to  '601,  with  a  head 
of  about  4  feet ;  but  for  a  head  of  4^  inches  the  co- 
efficient fell  from  -572  to  '488.  For  notches  8"  wide, 
with  the  addition  of  a  horizontal  shoot  9^  10^'  long,  the 
coefficient  fell  from  '682  to  '479  for  a  head  of  8'' ;  and 
from  -622  to  '340  for  a  head  of  V\  Castel  also  found 
for  a  notch  8"  wide,  with  the  addition  of  a  shoot  8" 
long,  inclined  4°  18',  the  mean  coefficient  for  heads 
from  2"  to  4^',  to  be  '527  nearly.  The  effects  arising 
from  friction  alone  will  be  perceived  from  the  short 
table  at  the  beginning  of  this  section,  p.  146. 

The  orifice  of  entiy  into  a  shoot  and  its  position 
with  reference  to  the  sides  and  bottom  modify  the 
discharge,  the  head  remaining  constant.  Lesbros  t 
has  given  the  coefficients  suited  to  different  positions 
of  shoots  both  within  and  without  a  cistern,  and  from 
notches  and  submerged  orifices ;  but,  however  valuable 
these  are  in  some  respects,  they  are  of  little  practical 
use  to  the  engineer.  The  general  principles  which 
are  involved  in  the  modification  of  these  coefficients 

*  Traits  d^Hydranlique,  pp.  46  et  94. 

t  Tide  Morin's  Hydranlique,  deuxi^me  Edition,  pp.  29  et  40. 
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Imve,  however,  been  alreadj  pointed  out  when  dis- 
cussing  the  effects  of  the  position  of  the  orifice,  and 
the  addition  of  short  tubes,  on  the  discharge.  Equa- 
tion (74b),  p.  196,  is  here  applicable. 


SECTION  VII. 


lATERAL   CONTACT     OF    THE    WATEK  AND    TUBE. — ^ATMO- 
SPHERIC   PRESSURE. — HEAD  MEASURED  TO  THE  DI8- 

CHARGINQ   ORIFICE. COEFFICIENT  OF  RESISTANCE. 

— FORMULA    FOR    THE    DISCHARGE    FROM    A    SHORT 

TUBE. — DIAPHRAGMS. OBLIQUE    JUNCTIONS. — FOR- 

HUIA  FOR  THE  TIME  OF  THE  SURFACE  SINKING  A 
GIVEN  DEPTH. — LOCK  CHAMBERS. — SLUICES. — TIDAL 
SLUICES. 

The  contracted 
vein  o  r  is  about  '8 
times  the  diameter 
o  B  ;  but  it  is  found, 
notwithstanding,  that 
water,  io  passing 
throngh  a  short  tube 
of  not  less  than  1^ 
diameter  in  length,  fills  the  whole  of  the  discharging 
orifice  s  t.  This  is  partly  effected  by  the  outflowing 
column  of  water  carrying  forward  and  exhausting  the 
ftir  between  it  and  the  tube,  and  by  the  external  air 
then  pressing  on  the  column  so  as  to  enlarge  ite 
diameter  and  fill  the  whole  tube.  When  once  the 
water  approaches  closely  to  the  tube,  or  ie  caused  to 


1 

Fig.a? 

M 

s?l 

'^^"-^ 

OMIFICES,   WEIRS,   PIPES,  AND  RIVERS,  IQl 

approach,  it  is  attracted  and  adheres  with  some  force 
to  it.  The  water  between  the  tube  and  the  vena-con- 
tracta  is,  however,  rather  in  a  state  of  eddy  than  of 
forward  motion,  as  appears  from  the  experiments,  with 
the  tube,  diagram  2,  Fig.  25,  giving  the  same  discharge 
as  the  simple  cylindrical  tube.  If  the  entrance  be  con- 
tracted by  a  diaphragm,  as  at  o  b,  Fig.  27,  the  water 
will  also  generally  fill  the  tube,  if  it  be  only  suflSciently 
long.  Short  cylindrical  tubes  do  not  fill  when  the 
discharge  takes  place  in  an  exhausted  receiver;  but 
even  diverging  tubes,  d.  Fig.  24,  will  be  filled,  under 
atmospheric  pressure,  when  the  angle  of  divergence, 
o,  does  not  exceed  7  or  8  degrees,  and  the  length  be 
not  very  great  nor  very  short. 

When  a  tube  is  fitted  to  the  bottom  or  side  of  a  vessel, 
it  is  found  that  the  discharge  is  that  due  to  the  head 
measured  from  the  surface  of  the  water  to  the  lower  or 
discharging  extremity  of  the  tube.  It  must,  however, 
be  sufficiently  long,  and  not  too  long,  to  get  filled 
throughout.  Guiglielmini  first  referred  this  effect  to 
atmospheric  pressure,  but  the  first  simple  explanation 
is  that  given  by  Dr.  Mathew  Young,  in  the  Transac- 
tions of  the  Boyal  Irish  Academy,  vol.  vii.,  p.  66. 
Yenturi,  also,  in  his  fourth  proposition,  gives  a 
demonstration. 

The  values  of  the  coefficients  for  short  cylindrical 
tubes,  which  are  given  p.  156,  have  been  derived  from 
experiments.  Coefficients  which  agree  pretty  closely 
with  them,  and  which  are  derived  from  the  coefficients 
for  the  discharge  through  an  orifice  in  a  thin  plate, 
may,  however,  be  calculated  as  follows  :  Let  c  be  the 
area  of  the  approaching  section.  Fig.  27,  a  the  area  of 
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the  discharging  short  tube,  and  a  the  area  of  the 
orifice  o  r  which  admits  the  water  from  the  vessel  into 
the  tube  :  also  put,  as  before,  h  for  the  head  measm*ed 
from  the  surface  of  the  water  to  the  centre  of  the 
tube,  and  diaphragm  or;  t;  for  the  actual  velocity  of 
discharge  at  st  ;  v^  for  the  velocity  of  approach  in  the 
section  c  towards  the  diaphragm  o  b  ;  and  Cq  for  the 
coefficient  of  contraction  in  passing  from  o  r  to  o  r ; 
then  c  X  Va  =  A  X  v,  the  contracted  section  o  r  -= 
Cc  X  a,  and  consequently  the  velocity  at  the  con- 
tracted section  is  equal  to =  — \    Now  a  theo- 

a  Cq       a  Cq 

retical  head  equal  to 

^9  ^9 

is  necessary  to  change  the  Telocity  v^  into  v  by  the 

action  of  gravity ;  but  as  the  water  at  the  contracted 
section  o  r,  moving  with  a  velocity ,  strikes  against 

the  water  between  it  and  t  s,  movmg,  from  the  nature 
of  the  case,  with  a  slower  velocity,*  a  certain  loss  of 
effect  takes  place  from  the  impact.  If  this  be,  sup- 
posed, sudden,  then  writers  on  mechanics  have  shown 
that  a  lo88  of  head,  equai  to  that  due  to  the  difference 

A  V 

of  the  velocities,  —  v,  before  and  after  the  impact 


acc 


must  take  place.  This  loss  of  head  is  therefore  equal  to 

^9 

*  Vide  Sir  Robert  Kane's  tranalation  of  RQlilman's  book  on  Hori- 
zontal Water  Wheels,  p.  49. 
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whence  the  whole  head, 

(60.)         h  = 2^ f 

from  which  the  velocity  from  a  short  tube^  is  found 
to  be 

(61.)  t?=  V2pjj_^^ /j^ ^y\  . 

Now,  ns  y/  2  g  h  would  be  the  velocity  of  discharge 
were  there    no  resistances,   or   loss  sustained,  it  is 

r  1 )* 

evident  thatK  i  _  -^4.  (J^  _  iV  r    becomes  as  it 

I  c«  ^  Va  Ce  J  J 
were  a  coefficient  of  velocity.  "When  the  diameter  of 
the  diaphragm  o  b  becomes  equal  to  the  diameter  s  t 
of  the  tube,  a  =  a,  and  as  the  coefficient  of  velocity 
becomes  equal  to  the  coefficient  of  discharge  when 
there  is  no  contraction,  in  such  case  this  coefficient, 
which  we  call  c  of,  is  expressed  by  the  formula 


*  When  the  diaphragm  is  placed  in  a  tube  of  uuifonn  bore,  then 
c>*  A,  and 

1        _      c..      , 


eoj.^ 


1      —  — c; 


and  the  loss  of  head,  in  passing  the  diaphragm,  becomes 

It  is  evidentfrom  the  equations  that  —  and  e,  depend  mutually  on 

M  2 
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and  when  the  approaching  section  c  is  very  large 
compared  with  the  area  a, 

(68.)    »o/-=l{r^}- 

If  Cc  =  '64,  the  last  equation  gives  c  of .  =  '872 ;  if 
Co  =  -601,  cof  .  =  '833;  if  Ce=  '617,  cof  .  =  -847; 
and  if  Cc  =  '621,  c  of .  ^=^  '856.  These  results  are  in 
excess  of  those  derived  from  experiment  with  cylin- 
drical short  tubes,  perfectly  square  at  the  ends  and  of 
uniform  bore.  As  some  loss,  however,  takes  place  in 
the  eddy  between  o  r  and  the  tube,  and  from  the  fric- 
tion at  the  sides,  not  taken  into  account  in  the  above 
calculation,  they  will  account  for  the  differences  of  not 
more  than  from  4  to  6  per  cent,  between  the  calculation 
and  experiment.  If  c^  be  assumed  for  ca]cu1ation  equal 
•690,  then  c  of '='821 ;  and  as  this  result  agrees  very 
closely  with  the  experimental  one,  c^  should  be  taken 
of  this  value  in  using  the  foregoing  formulse,  from  (60) 
to  (68),  for  practical  pm*poses.  The  thickness  of  the 
diaphragm  itself  and  the  relation  of  that  thickness  to 
the  diameter,  as  well  as  the  form  of  the  orifice  a, 
are  necessary  elements  in  the  consideration  of  this 
question. 

COEFFICIENT  OF  RESISTANCE.  —  LOSS  OF  MECHANICAI. 
POWER  IN  TfiE  PASSAGE  OF  WATER  THROUGH  THIN 
PLATES  AND   PRISMATIC   TUBES. 

The  coefficients  of  contraction,  velocity,  and  dis- 

cach  other,  and  that  they  cannot  be  assumed  arbitrarily.  See  equa- 
tions (66),  (67),  (128),  (124),  and  (125),  with  the  corresponding 
remarks. 
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charge  have  been  already  defined.  The  coefficient  of 
resistance  is  the  ratio  of  the  head  due  to  the  resistance^ 
to  the  theoretical  head  d\ie  to  the  actual  or  final  velocity. 
If  V  be  this  latter  velocity,  the  theoretical  head  due  to 

it  is  TT— :  and  if  c.  be  the  coefficient  of  resistance,  then 

the  head  due  to  the   resistance   itself  is,  from  our 

definition,  c,  X  ^r-.    Now  if  c^  be  the  coefficient  of 

^9 
velocity,  the  theoretical  velocity  of  discharge  must  be 

— ,  and  the  head  due  to  it  is  equal  -s ^r — ;    but   as 

the  theoretical  head  due  to  v  is^r-*  then 


v^  v^ 


Cj~OL 


cix2g       2g-\cl       ^  J  2g 
is  the  head  due  to  the  resistance ;  and,  therefore,  from 
the  definition,  the  coefficient  of  resistance  is 

(64.)  c,=  l_l; 

from  which  the  coefficient  of  velocity  is  found 

These  equations  enable  us  to  calculate  the  coefficient 
of  resistance  from  the  coefficient  of  velocity,  and  vice 
versd.  If  c,  ==  1,  c,  =  0,  as  it  should  be*  The 
following  short  table,  calculated  from  equation  (65), 
will  be  of  use.  In  short  tubes,  the  coefficient  of 
velocity  c^  is  equal  to  the  coefficient  of  discharge  c^.* 
The  coefficient  of  velocity  for  an  orifice  in  a  thin 

*  See  the  tables  of  resistances,  discharge,  and  contraction,  pp.  169 
and  171. 


166 


THE  DISQHABQE  OF  WATER  FROM 


COEFFICIENTS  OF  VELOCITY  AND  RESISTANCE. 


Coefficient 

Of 

velocity. 

Coefficient 
of 

Coeffidoit 

of 
velocity. 

Coefficient 

Of 

reeistanoe. 

Coefficient 

of 
velocity. 

Coefficient 
of 

•990 
•970 
•960 
•980 

•020 
•063 
•109 
•166 

•910 
•890 
•870 
•860 

•208 
•263 
•820 
•883 

•830 
•820 
•814 
•810 

•462 
•488 
•608 
•626 

plate,  or  for  a  mouth-piece,  Fig.  4,  is  '974 ;  while 
that  for  a  short  prismatic  tube,  a,  Fig.  24,  is  *814 
nearly.  The  coefficient  of  resistance  in  the  former 
case  is  '054,  and  in  the  latter  '608 ;  there  is,  therefore, 
9'4  times  as  great  a  loss  of  mechanical  power  in 
the  passage  through  short  prismatic  tubes,  as  through 
orifices  in  thin  plates  or  tubes  with  a  rounded  junction, 
as  in  Fig.  4,  the  quantities  of  water  discharged  and 
the  discharging  orifices  being  the  same. 

If  the  quantities  discharged  and  the  heads  be  the 
same  in  both  cases,  then 


..2 


«« 


is  equal  to  the  head ; 


2  flr  X  •814«  -  2  fli  X  -974* 

^*  ^'  -668  X  2  g  =  ^Aj-g'  <>'  '^^^  f!=-663  vU 
whence  we  get  vl  =  'GOB  t?J  and  vj  =  1*431  ti  for  the 
relation  of  the  discharging  velocities,  v^,  from  an 
orifice,  and,  Vt,  from  a  short  tube.     The  height  due  to 

the  resistance  is  therefore,  ( -^-tto  "  1 1-^  for  short 

\  '814^         J  2g 

prismatic  tubes,  and  (  ^    ^  ""  ^)  — o ^  ^^^  orifices 

in  thin  plates.  These  are  to  each  other  as  '508  to 
'064  X  1-431,  or  as   5*08  to   "773,   that  is  to  say. 
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the  loss  of  mechanical  power  arising  from  the  resistance 
in  passing  through  short  tubes  is  6*57  times  as  great  as 
when  the  water  passes  through  thin  plates  or  m^outh- 
pieces,  as  in  Fig.  4 ;  and  the  dischargmg  mechanical 
power  in  plates,  is  to  that  in  tubes  as  1'431  to  1,  or  as 
1  :  '6989  the  heads  and  quantities  discharged  being 
the  same. 

The  whole  loss  of  mechanical  power  in  the  passage 
is  5*4  per  cent,  for  the  plates,  and  about  61  per  cent, 
for  short  tubes.  If  the  loss  compared  with  the  whole 
head  be  sought,  then,  when  v  is  the  discharging  velo- 

city,  -^^Tj  is  the  theoretical  velocity  due  to  the  head 

in  short  tubes,  and  its  square  -,^r-r,  =  —rn^  is   as   the 

1         "814^       -668 

* 

whole  head ;  therefore,  the  whole  head  is  to  the  head 
due  to  the  discharging  velocity  as  ^^^  to  v^,  or  as  1 

to  *663 ;  and  as  *508  is  the  coefficient  of  resistance  * 
for  the  dischanging  velocity,  '608  x  'eeS  =  'SST  is 
the  coefficient  of  resistance  due  to  the  whole  head ; 
this  is  equal  to  a  loss  of  84  per  cent,  nearly,  or  about 
one-third.  In  like  manner,  '974*  x  "054  =  -0512  is 
found  for  the  coefficient  when  the  discharge  takes 
place  through  thin  plates,  or  5^  per  cent,  of  the  whole 
head. 

DIAPHRAGSCS. 

When  a  diaphragm,  o  n.  Fig.  27,  is  placed  at  the 
entrance  of  a  short  tube,  it  is  shown,  page  162,  that 

♦  Table,  p.  160. 
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\a  c^         / 


a  loss  of  head  equal  5 takes  place  when  v 

is  the  discharging  velocity,  whence  the  coefficient  of 
resistance  is  equal  to  f 1  J  ,  *  according  to  the 

definition.  The  coefficient  of  contraction  Cc,  as  before 
shown,  page  164,  should  be  taken  equal  to  '590  in  the 
application  of  formula  (68) ;  and,  as  it  must  also  be 
taken  equal  to  about  '621  when  the  area  of  the  tube  a 
is  very  large  compared  with  the  area  a  of  the  orifice 
o  B  in  the  diaphragm,  it  may  be  assumed  that  when 

—  is  equal  to 

A 
r       0,         1.         -2,         -3,         %        -^         -8,         7.         -8,         -9.    and    1       ^ 

•I  successively,  the  coefficient  c^  must  be  taken  equal  to  >- 

V  -621,      '618.      -616^      -612,      -609.      "606,      '603.      -600.      *697.      '593.    and    -800^  J 

taken  in  the  same  order.  As  the  approaching  section 
G  may  be  considered  exceedingly  large,  the  value  of 
the  coefficient  of  discharge  or  velocity,  as  the  tube 
o  B  s  T  is  supposed  full,  in  equation  (61),  becomes 

(66.)  '^^  =    1  +  M   _  iV 

and  the  coefficient  of  resistance 
(67.)  c,  =  {- —  1 V; 

*  For  the  sndden  alteration  in  the  velocity  passing  throngh  a 
diaphragm,  we  mnst  reject  the  hypothesis  of  D'Aubuisson,  Trait6 
d'Hydraulique,  p.  238,  and  adopt  that  of  l^avier,  taking  the  loss  of 
head  to  correspond  to  the  square  of  the  difference  and  not  to  the  differ- 
ence of  the  squares  of  the  velocities  in  and  after  passing  the  orifice. 
The  coefficient  of  contraction  must,  however,  be  varied  to  suit  the 
ratio  of  the  channels,  as  it  is  in  this  and  the  following  pages. 
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from  which  equations  and  the  above  values  of  c^,  cor- 
responding to — 9  the  following  values  of  the  coeffi- 

cients  of  discharge  and  resistance  through  the  tube 
o  R  s  T,  Fig.  27  have  been  calculated. 

COEFFICIENTS  OF  CONTBACTIOV,   DISCHABQE,   AND  BESI8TANCE  F0& 

DIAPHRAGMS. 


Batio 

a 

A 

Coefficient 
*c- 

Coefficient 

for  the 
orifice  A. 

Coefficient 
*r- 

Ratio 
a 

A  ' 

Coefficient 

Coefficient 

for  the 
mrifioe  A. 

Coefficient 
*^r- 

00 

•621 

•000 

infinite. 

0-6 

•603 

•493 

3-115 

0-1 

•618 

■066 

231  • 

0-7 

•600 

•587 

1-907 

0-2 

•615 

•139 

50^8 

0-8 

•597 

•675 

1198 

0-3 

•612 

•219 

19-8 

0-9 

•593 

•758 

•762 

0-4 

•609 

•807 

9-6 

10 

•590 

•821 

•488 

0-5 

•606 

•399 

5*3 

•  •• 

*•* 

ft  •  • 

•  •  • 



In  this  table  c^  is  the  coefficient  of  contraction,  Cj 
the  coefficient  of  discharge,  suited  to  the  larger  section 
of  the  pipe  a,  at  s  t  ;  and  c,  the  coefficient  of  resist- 
ance. The  discharge  is  found  from  equation  (61),  as 
c  is  here  very  large  compared  with  a,  to  be 

(  1  ]i 

(67a.)  i>  =  a  V  2  5f  /i  j  _^  /jv_  _  j^y  ■ 

=  A  V"27)i  I  j^J*=Cd  A  \/"27A. 
The  coefficient  of  resistance  c,  is  here  equal  i 1  j  , 

and  the  coefficient  of  discharge  Ca  =- -x.  * 

(l+^r)* 

*  For  the  loss  snstained  by  contraction  in  the  bore  of  a  pipe  by  a 
diaphragm,  see  equations  (123),  (124),  and  (125).     The  actaal  value  of 
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The  tube  must  be  so  placed,  that  the  water,  after 
passing  the  diaphragm,  shall  fill  it;  for  instance, 
between  two  cisterns,  when  the  height  h  must  be 
measured  between  the  water  surfaces,  or  when  the 
tube  is  sufficiently  long  to  be  filled  ;  in  this  case,  how- 
ever, the  height  must  he  determined  from  the  discharging 
velocity y  as  a  portion  of  the  head  is  required  to  over- 
come the  friction,  which  shall  be  refeiTed  to  more 
particularly  in  the  next  section. 

The  table  shows  that  the  head  due  to  the  resistance 
is  5*3  times  that  due  to  the  discharging  velocity,  when 
the  area  of  the  diaphragm  is  half  the  area  of  the 
tube ;  that  is,  the  whole  head  required  is  6*3  times 
that  due  to  the  velocity,  and  that  the  coefficient  of 
discharge  is  reduced  to  '399.  In  order  to  find  the 
coefficients  suited  to  the  smaller  area  of  the  orifice  in 
the  diaphragm  o  b,  when  it  is  to  be  used  in  calcula- 
tions of  the  discharge,  divide  the  numbers  corresponding 

to  — into  those  of  c^y  opposite  to  them  in  the  table. 
Thus,  when—  =  '8,  then  the  coefficient  of  discharge 
suited  to  the  area  a,  is  equal——  =  "844,  and  so  of 
other  values  of  the  ratio  — .      The   coefficients  in  the 

A 

table,  page  169,  are  for  the  larger  orifice  a  in  the 
formula  d  =  a  c^  V  2  flf  fe. 

Ct  in  equation  (67a)  depends  on  the  thickness  of  the  diaphragm  as  well 
as  on  the  relation  of  a  and  ▲.  The  fonn  of  the  orifice  a  also  affects 
the  value  of  c.. 
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SHOBT  TUBES  OBLIQUE  AT  THE  JUNCTION. 


Fi^.28 


mw/m/Mmmmmm 


When  a  tube  is  at- 
tached obliquely,  as  in 
Fig.  28,  the  author 
has  found  that  if  the 
number  of  degrees  in 
the  angle  tos,  formed 
by  the  direction  of 
the  tube  o  s,  with  the  perpendicular  o  T,  be  represeiited 
by  <^,  then  "814  —  -0016  (p  will  give  the  coefficient  of 
discharge  corresponding  to  the  obliquely  attached  short 
tube  in  the  Figure.  This  formula  is,  however, 
empirical,  but  it  is  simple,  and  agrees  pretty  closely 
with  experimental   results.      As    the    coefficient    of 

resistance  is  equal    -^ 1,  equation  (64),  then  here 

•Cr  =  —^ s  —    1 :    from  these  equations 

(-814  — -0016 <^)*         ^>       "  C4U  ux     o 

the  following  table  for  heads  measured  to  the  middle 
of  the  outside  orifice  has  been  calculated : — 

COEFFICIENTS  OF  DISCHABOE  Ain>  BE8I8TAKCE  FOR  OBLIQUE 

JUNCTONS. 


jn 

Coefficient 

Coeffident 

jk 

Coeffieient 

Coefficient 

9 
tn  degrees. 

of 
diacbarge. 

of 
resUtance. 

9 
In  degrees. 

of 
diacharge. 

of 

0* 

•8U 

•608 

85» 

•758 

•740 

5 

•806 

•539 

40 

•750 

•778 

10 

•798 

•569 

45 

•742 

•816 

15 

•790 

•602 

60 

•734 

•856 

20 

•782 

•635 

55 

•726 

•897 

25 

•774 

•669 

60 

•718 

•940 

30 

•766 

704 

65 

•710 

•984 

The  coefficient  of  resistance  for  a  tube  at  right  angles 
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to  the  side,  is  to  the  like  coefficient  when  it  makes  an 
angle  of  45  degrees  as  '508  to  *816,  or  as  1  to  1*6 
nearly ;  and  the  loss  of  head  is  greater  in  the  same 
proportion.  If  the  short  tube  be  more  than  three  or 
four  diameters  in  length,  friction  will  have  to  be  taken 
into  account.  The  head  h  is^measured  to  the  centre 
of  the  outside  orifice. 


F0RMX7LA  FOR  FINDING  THE  TIME  THE  SURFACE  OF  WATER 
IN  A  CISTERN  TAKES  TO  SINK  A  GIVEN  DEPTH. — ^DIS- 
CHARGE FROM  ONE  VESSEL  OR  CHAMBER  INTO 
ANOTHER. — ^LOCK  CHAMBERS. 

In  experiments  for 
finding  the  value  of  the 
coefficients  of  discharge, 
one.  of  the  best  methods 
is  to  observe  the  time 
the  water  discharged 
from  the  orifice  takes  to 
sink  the  surface  in  a  prismatic  cistern  a  given  depth ; 
the  ratio  of  the  observed  to  the  theoretical  time  will 
then  give  the  coefficient  sought.  A  formula  for  finding 
the  time  is,  therefore,  of  much  practical  value.  In 
Fig.  29,  the  theoretical  time  of  falling  from  8  t  to  s  t, 
in  seconds,  is 

in  which  a  is  the  area  of  the  orifice  o  r,  and  a  the  area 
of  the  prismatic  vessel  at  s  t  or  s  t  :  this  formula  is 
for  measures  in  feet.     For  measures  in  inches,  we  have 


(69). 


'  =  IZ'^a^^  +f)i-Mh 
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This  time  is  double  the  time  required  to  discbarge 
the  same  quantity  if  the  head  at  the  orifice  remained 
constaat. 

Example  VH. — A  cylindrical  vestel  5"74  inchet  in 
diameter  has  an  orifice  '2  inch  in  diameter  at  a  depth 
of  16  inches  below  the  surface,  meoBurcd  to  the  centre  ; 
it  is  found  that  the  water  sinks  4  inches  in  51  seconds ; 
what  is  the  coefficient  of  discharge  ? 

The  theoretical  time  t  is  fomid  from  equation  (69), 
equal    ^ 

5-74    X  -7854  ,     82-9476 

13-9  X  -2=  X  ■7854'"'-'^'!-^666-|^-'*W'f 

17"fiTfifi  11  'ft 

=  ■   -.g"    X '5359=  31*8  seconds;  hence.-ri- ='624 
•556  51 

is  the  coefficient  sought.     When  the  orifice  o  r  and 

the  horizontal  section  of  the  vessel  are  similar  figures, 

-  is  equal  — g  :   and  therefore,  for  circular  cisterns 

and  orifices,  it  is  unnecessary  to  introduce  the  multi- 
plier -7854. 

Formulfe  for  the  time  water  in  a  prismatic  vessel 
takes  to  fall  a  given  depth,  when  discharged  from  an 

■ Fig.  29a. 


n?*^''^ 


orifice  at  the  side  or  bottom  are  given  above.     The 
time  the  surface  B  T,  diagram  1,  Fig.  29a,  takes  to  rise 
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to  «  f y  when  supplied  through  an  orifice  or  tube  o  r, 
from  an  upper  large  chamber  or  canal,  whose  surface 

2A/t 

«'  t'  remains  always  at  the  same  level,  is~      ,^/-k — ,♦ 

and  thence  the  time  of  rising  from  n  to  s  for  measures 
in  feet  is 

and  for  measures  in  inches 

in  which  a  is  the  area  of  the  horizontal  section  at  s  x ; 
a  the  sectional  area  of  the  communicating  channel  or 
orifice  o  r  ;  c^  the  coefficient  of  discharge  suited  to  it, 
and  hi  and  /,  as  shown  in  the  diagram. 

In  order  to  find  the  time  of  filling  the  lower  vessel 
to  the  level  s  t,  supposing  it  at  first  empty,  the  contents 
of  the  portion  below  o  r  are  equal  to  aAj,  and  the  time 
of  filling  it  equal  to 

(69c.)  8^25c^i 

then  the  time  of  filling  up  to  any  level  s  t,  for  mea- 
sures in  feet,  is  equal  to  the  sum  of  (69a)  and  (69c) ; 
that  is, 

__  A  (2fti  +  A,-2/ JAi) 
~  8-025  c^ahh       , 

and  for  measures  in  inches 

*  The  time  of  rismg  from  s  to  « (diagmm  1)  is  exactly  donble  the 
time  it  would  take  to  fill  the  same  depth  hdow  R,  if  the  piessnre/ 
remained  uniform. 
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~         27-8  c^ahi         • 
When  s  t  coincides  with  8  t 

[pyT.)  T  _  8-025CdaAj' 

for  measures  in  feet,  and 

^^^^'^  27-8  Cd«M  ' 

1 

for  measnres  in  inches.  These  equations  are  exactly 
suited  to  the  case  of  a  closed  lock-chamber  filled  from 
an  adjacent  canal. 

When  the  upper  level  s'  t'  is  also  variable,  as  in 
Diagram  2,  the  time  which  the  water  in  both  vessels 
takes  to  come  to  the  same  imiform  level  a'  t'  s  t,  which 
is  known  or  easily  found,  is 

•^  Cda(A  +  Ai)V^      Cda(A+Ai)\/2p' 

in  which  hi  +  /i  —  fc  =/+/i  is  the  difference  of  levels 
at  the  beginning  of  the  flow ;  Ai  the  horizontal  section 
of  the  upper  chamber ;  and  the  other  quantities  as  in 
Diagram  1.    As  Aj  ./i  =  Ai  •/,  then 

.  /  "T  /i  —      "^     /i  —      ][      /• 

Now,  in  order  to  find  the  time  of  falling  a  given  depth 
/x  below  the  first  level  s'  t',  the  head  above  s'  f  8  t  is 
equal  to/i— /,  in  the  upper  vessel,  and  the  depth  below 

it  in  the  lower  vessel  is  equal  to   -^ — ^     '  ;    whence 

the  difference  of  levels  in  the  two  vessels  at  the  end  of 
the  fall  d,  is 
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The  time  of  falling  through  any  given  depth,  y,  is, 
therefore,  from  equation  (69h), 

,69, ,  ,=  _iiA..(/A/.H       ^^^'t~)^'-f4 

When  /,  =  /i  this  is  reduced  to  t  =  — t^      x   /l- 

Cda(A  +  A0v2flr, 

and  farther  when  a  =  Ai  this  last  is   again  farther 

A        A*^f  Ai/ii  1-4142  At/, 

reduced  to  t  =  j=^  =  /^     .« 

CadWg         Cdav2gr/i 

in  which  w2g  =  8*025  for  measures  in  feet,  and 
equal  27*8  for  measures  in  inches.  The  whole  time  of 
filling  to  a  level  the  lower  empty  vessel,  is  found  hy 
adding  the  time  of  filling  the  portion  below  r,  deter- 
mined in  a  manner  similar  to  equations  (68),  to  ]be 

<■»->      c^{  <»•+/■"-(»■  ■^/■-^)'}- 

to  the  time  of  filling  above  b,  given  in  equation  (69h), 
when  h  is  taken  equal  to  zero.  Equations  (69h), 
(69i),  and  (69k)  are  applicable  to  the  case  of  the  upper 
and  lower  chambers  of  a  double  lock,  after  making  the 
necessary  change  in  the  diagrams. 

The  above  equations  require  further  extensions 
when  water  flows  into  the  upper  vessel  while  also 
flowing  from  it  into  the  lower ;  such  extensions  are, 
however,  of  little  practical  value,  and  we  therefore 
omit  them.     For  sluices  in  flood-gates  with  square 
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arrises,  c^  may  be  taken  at  about  *545,  but  with  rounded 
arrises,  the  coefficient  will  rise  much  higher.  See 
Sections  III.  and  VI. 


SLUICE    OPES. — ^FLOOD   AND   TIDAL   SLUICE    OPES. 

Equations  (41),  (42),  (43),  (48),  (49),  (50),  and  (51) 
give  the  discharge  from  sluice  opes  under  different 
circumstances  when  fully  open,  submerged,  or  partly 
submerged.  Rejecting  the  velocity  of  approach,  and 
measuring  the  depth,  h  to  the  centre,  or  centre  of 
gravity,  of  the  orifice,  whose  area  is  a,  equation  (41),  be- 
comes, for  the  case  in  Fig.  12,  with  any  form  of 
section,  rectangular  or  circular,  entirely  open  and 
without  back  water. 

'D=zc^a  \/2gh=S'026c^ay/h,  for  one  second;  or 

D  =  481 '6  Cd  a  \/T,  for  one  minute ;  or 

D=4"95(i  \/ltwhenCd=*617  in  one  second;  and 

Vd  =  297  a  y/li  in  one  minute. 
All  in  feet  measures. 

In  the  case,  Fig.  20,  in  which  the  sluice  is  covered, 
or  entirely  submerged,  then  the  discharge  in  one 
minute,  in  feet  measures,  equation  (48)  becomes  also 

(47a.)        d  =  60  Cd  a  V2gh  =  297  a  \/h ; 
in  which,  however,  h  is  now  the  difference  of  level 
between  the  surfaces  of  the  upper  and  lower  waters. 
If  Ca  be  taken  -582  instead  of  '617  then 

(47b.)  d  =  280  a  y/Y. 

But  if  the  coefficient  run  up  to  *712  then 

(47c.)  d  =  843  a  V X 

When  the   sluice-ope  is  partly  submerged,  as  in 

N 


(4lA.) 
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Fig.  21,  putting  a^  for  the  area  of  the  open  portion 
and  Oj  for  that  portion  submerged,  then  for  time  in 
minutes,  equation  (50)  or  (51)  becomes  , 

(50ife6lA.)   D=60(cda,V27fe+CdaiY/2(|f -|^) 

for  Cd  =  '617  as  a  mean  value  in  both  Oj  and  Oi.  It 
however  generally  diflFers  in  both.  For  a  coefficient  of 
•582  it  becomes  

(50  k  51b.)     d  =:  280  (  Oa  VX  +  Oi  ^Z  ^  ^  ^')  " 
And  for  an  average  coefficient  of  *712  in  Ai  and  A2  it  is 
(50  &  51c.)     D  =  848  (  oj  s/T  +  ai  y/-^^^*-)  • 

In  these  formulae  the  pressure  at  the  sluice  remains 
unchanged  and  the  acting  heads  constant. 

When  the  heads  vary.  The  general  differential 
equation  for  the  discharge,  whatever  be  the  law  of 
the  rise  and  fall, /is  evidently 

(70.) d D=Cda \/2^  X  d t \/J=  c^a \/2^ xdt y/hi—h. 
The  integration  of  this  equation  depends  on  the  re- 
lation between  /  and  t.  For  the  ordinary  cases  of 
filling  prismatic  ponds  from  upper  levels  the  preceding 
equations  from  (68)  to  (69k)  may  be  used  as  follows  to 
find  p.  If  the  upper  surface  remain  at  the  same  level  as 
in  1,  Fig.  29a ;  while  the  surface  of  the  water  below 
rises  from  the  discharge  through  the  sluice,  and  if  the 
lower  pond  be  a  prism,  whose  horizontal  section  is  a, 
then  dividing  h  a,  the  quantity  by  the  time  t  as  given 
in  equation  (69a),  the  average  discharge  in  average 
seconds  of  the  whole  time  t  is 
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/fTA    X  4-0125  Cd  a  A       .    ,  ^ 

(7Ua.;      d  =     ^1  _  rx —  .    And  for  the  time  t ; 

_  4-0125  Cd  h  t 

which  are  independent  of  the  area   a  of  the  lower 
vessel.    When  h  =  hi  then/  =  o  and  this  becomes 
(70b.)  d  =  4-0125  c^ahit  =  A  h^ 

which  is  exactly  one-half  what  it  would  be  in  the  same 
time  if  the  head  hi  remained  constant,  h  =  0,  and  there- 
fore the  lower  level  not  rising  higher  than  o  r. 

If  the  lower  level  remain  unchanged  and  the  upper 
varies,  then,  calling  the  section  of  the  upper  prism  Aj, 
the  difference  of  level  hi,  and  /the  fall  in  the  time  t, 
the  average  discharge  in  one  second  is  found  in  a 
similar  manner  to  be 

,„^   ,  4-0125  Cd  a  /       .    ,  ^      ,      . 

(70c.)    D  =  Ti^zrnrz~f)i  -    ^^^  "^^  "^®  *"^®  ^  > 

_  4-0125  Cd«/<_. 

when/  =  hi  this  is  reduced  to 

(70d.)  d  =  4-0125  CAah\t  =  hi  Aj 

the  whole  discharge  in  the  time  of  falling  through  hi. 
In  fact  the  values  (70b)  and  (70d)  for  the  relations 
between  the  time,  discharge,  and  head  are  the  same, 
when  either  level,  above  or  below,  is  fixed  and  the 
water  rises  or  falls  in  the  prismatic  pond.  When  the 
pond  or  cistern  is  of  any  irregular  shape  and  section 
the  contents  can  be  divided  by  horizontal  sections  into 
any  suitable  number  of  parts  of  equal  height,  when  the 
whole  time  of  filling  or  emptying  will  be  the  sum  of 
the  times  calculated  for  each  horizontal  lamina,  and 

N  2 
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the  greater  the  number  of  lamina  the  more  correct  the 
result. 

When  the  levels  of  both  ponds  vary  by  the  water 
passing  from  one  into  the  other,  diagram  2,  Fig-  29a. 
Measuring/ and /i  from  the  common  level  and  calling 
/j  the  height  fallen  in  any  time  f,  then  from  equation 
(69i)  by  dividing  into/^  a  and  multiplying  by  t 

__     Cd  c&  A*  (a  4- Ai)  y/  2gfj,t 

When/x  =  /i  and  the  water  is  one  level  in  both  ponds 
this  becomes 

(70f.)     d  -  2A(/  +  /i)i         -  f'  ^" 

And  when  a  is  infinitely  large,  h  and  /  =  0  this  is 
farther  reduced  to 

(70g.)  d  =  -*  2       =  -^1  ^1 

as  it  should  be.    In  each  of  the  last  three  equations 

\/  2  g 
the  factor  — 5 —  =  4*0125  for  feet  measures.    It  may 

be  said  of  these  formulse  that  the  product /x  Ai,  or/i  Ai, 
gives  the  quantity  at  once,  but  in  many  problems^,  /i 
and  t  have  to  be  found  from  each  other. 
Assuming  the  form  of  the  ordinary  formula 

D  =  Cd  a  VTgfi  =  8-025  c^  a  sTfx 

in  one  second,  or  481*5  c^  a  "^fjx  in  one  minute  for  a 
steady  head/i.  Then  for  a  variable  head  as  in  Fig.  29, 
and  1  Fig.  29a,  the  time  of  discharging  a  given 
quantity  is  doubled:  or,  which  is  the  same  thing, 
the  coefficient  c^  becomes  now  *5  c   in  the  first  form. 
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In  the  case  of  two  equal  ponds  equation  (70f)  would 

become  

D  =  -707  Cd  a  V2gjx  X  t, 

and  the  time  1*4142  times  that  required  to  discharge  a 
quantity  equal  to/i  a  with  an  invariable  head/i.  But 
as  the  head  at  the  beginning  was  /i  +  /  =  2/i  if  this 
latter  head  were  used,  the  quantity  being  the  same, 

D=  ^ — -^-^^ =  •177CdaV2(/-2/i  x  t, 

or  a  little  over  one-sixth  of  what  it  would  be  if  the 
head  at  the  beginning  2/i,  remained  invariable  for  the 
same  time  t. 


FLOOD  AND  TIDAL   SLUICES. 

The  opes  for  these  are  intended  for  the  drainage  of 
low  embanked  lands.  They  are  fitted  with  gates,  or 
doors,  generally  hung  on  their  upper  side  and  self- 


acting  so  as  to  shut  when  the  outside  water  rises  over 
the  inside  level,  and  to  open  when  it  sinks  to  or  below 
it,  so  as  to  pass  off  the  inside  water.  The  effective 
head  is  reduced  during  the  time  the  water  takes  ta 
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rise,  between  the  bottom  of  the  aperture — or  low 
water  if  over  the  aperture, — and  the  inside  level  of  the 
water  on  the  lands.  During  the  time  of  fall  a  like 
reduction  takes  place  ;  and,  therefore,  the  discharging 
power  of  the  sluice  is  considerably  reduced.  The  re- 
lations between  the  times  and  the  heads  risen  or 
fallen  through  being  known,  the  integration  of  equation 
(70)  can  be  effected  directly  or  by  approximation,  h 
being  any  function  of  t.  When  the  rise  or  fall  of  the 
flood  is  everywhere  proportionate  to  the  time,  as  in 
H  L  I,  diagram  8,  Fig.  29b  ;  where  h  l  represents  the 
fall  and  h  i  the  time ;  then  in  diagrams  1  and  2,  if  ^ 
be  the  time  of  rising  through  A  +  /  =  /ij,  the  time  of 

rising  through  *  is  ^  and  integrating  equation  70 
accordingly, 

(70a.)  d  =  y^^d  a  ^y  ^gh; 

for  the  discharge  in  the  time  of  rising  through  h,  which 
when  hi=.  h  becomes 

(70b.)    d  =  f  Cd  «  a  \/2^Ai  =  '667  c^  t  a  s/^gJ^. 

The  coefficient  c^  is  therefore  reduced-  one-third  when 

hi=f,  when  hi  =  2/or  at  half  flood,  and  indeed  through- 

2  c«i 
out  hu  for  either  diagram  1  or  2,  the  coefficient  -q 

remains  constant.  The  gate  or  door  at  o  is  supposed 
shut  in  the  time  of  rising  and  falling  through  /i  and  fully 
open  in  the  time  of  rise  or  fall  through  h  +  f  =  hi. 
When  not  fully  open  the  discharge  becomes  still  further 
reduced. 

Tides. — If  the  whole  fall  h  l  be  that  of  a  tide  from 
high  to  low  water,  then  on  the  assumption  that  when 
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II  ^1  o\  L  is  the  arc  of  a  semicircle  it  represents  time,  t,  of 
rising  or  falling  through  h  l,  the  time  of  rising  through 

0  L  is  represented  by  the  arc  l  Oi,  and  the  time  of  rising 
through  T  o  by  the  arc  Oi  ti  the  direct  integration  of 
equation  (70),  which  then  becomes  by  reduction 

(70c.)  dD=Cd  a  V2Vx  d  fh  y/ii  -  ^^^^^(^  1  -  cos.  ^^^) 

in  which  t^  is  the  time  of  rising  through  h ;  and — ^ — ^' 

the  semirange  of  the  tide,  gives  the  discharge.  Putting 
the  angle  l  Oi  Oj  =  ^  this  may  be  changed  into 

(70i>.)rfD=CaaV2^X  jqqo  xd0\/hi ^^(l— cos^). 

Or  as  it  can  be  otherwise  expressed,  putting  2  sin.^  ^  ^^^ 

1  —  cos  B 


(70E.)dD=Caay/2gx~  X  d\^)\/hi  —  {hi+fi)  sw?  ^ 

The  integration  of  any  of  these  forms  can  only  be 
effected  approximately.  With  tides  from  20  feet  to 
6  feet,  inside  heights,  or  values  of  hi,  from  14  feet  to 
1  foot,  and  times  of  rising  through  those  heights  from 
285  to  58  minutes,  Mr.  Cotton  calculated  the  co- 
efficients from  ('70e)  and  found  them  to  vary  from 
*748  to  '785.  If  applied  to  the  common  form  these 
give 

(70f.)        d  =  (-748  to  -785)  c^  t  a  VT^Ti, 

for  the  discharge  within  the  limits  of  the  calculations. 
These  *'  tidal  coefficients,"  as  I  shall  call  them,  are 
too  high  for  most  cases  occurring  in  practice,  and  re- 
quire the  sluice  to  be  placed  at  or  below  low  water  of  a 
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6h.  18m.  tide,  as  in  diagram  1,  Fig.  29b.  The  fall 
and  rise  of  the  tide  at  the  end  of  the  ebb  and  begin- 
ning of  the  flow  would,  for  several  minutes,  be  prac- 
tically nothing,  and  the  coefficient  would  then  be 
unity,  which  is  the  Umit  for  a  very  small  value  of  h 
at  low  water  in  diagram  1.  At  semirange  for  a  small 
rise  hf  and  an  orifice  placed  there,  the  rise  would  be  as 
the  times  and  the  coefficient  would  be  '667;  both 
giving  *888  for  an  arithmetical  mean,  which  is  evi- 
dently too  high,  as  the  coefficient  unity  holds  only  for 
a  comparatively  small  height.  If,  however,  in  dia- 
gram 2,  Fig.  29b,  the  sluice  or  mouth  of  the  culvert 
be  high  up,  and  near  below  the  semirange  of  the  tidal 
wave,  which  is  the  more  common  case  in  practice,  then 
the  coefficient  would  reduce  to  f  =  '667  for  its  limit. 
All  this  supposes  the  surface  of  the  inside  water  or 
reservoir  at  t  in  both  diagrams  to  remain  constant, 
and  as  it  should  reduce  something  in  the  outflow  until 
the  tide  rises  for  some  height  up  hi  there  is  still  a 
greater  reason  for  selecting  f  rds.  or  the  minimum  co- 
efficient of  the  range,  and  to  represent  the  discharge 
from  a  tidal  sluice  fully  open  by 

(70g.)     d  =  f  Cd  a  y/^ghi  x  t  =  5'85  c^  a  V  A^  x  t, 
for  feet  measures  and  time  in  seconds ;  or 

(70h.)  d  =  821  Cd  a  V  hi  X  t 

for  measures  in  feet  and  time  in  minutes. 

The  value  of  c^  is  best  taken  from  the  table  cal- 
culated from  equation  (74b),  Section  VIII.  If  the 
length  of  the  culvert  *  or  pipe  under  an  embankment  at 

*  The  orifice  0  is,  in  practice,  generally  a  pipe  or  culvert  of  some 
length  built  under  an  embankment. 
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the  mouth  of  which  the  sluice  is  placed  be  20  diameters 
or  80  mean  radii  c^  =  '781  then  (70g)  becomes 

(70i.)  D  =  284-6  a  vTfe^  x  t. 

If  the  length  of  the  culvert  be  40  diameters  or  160 
mean  radu  then  c^  =  '668  and  the  discharge  would  be 

(70k.)  d  =  214  a  V"^  x  L 

And  for  a  coefficient  of  '623 

(70l.)  d  =  200  a  \A^  x  t. 

The  time  of  rise  or  fall  of  the  tide  may  be  taken  at 
6h.  18m.  in  diagram  1,  and  the  time  of  rising  through 
hi  be  represented  by  the  arc  l  Oi  fi,  diagram  8,  but  in 
diagram  2  the  time  corresponding  to  hi  is  the  arc  Oi  fi. 
For  a  uniform  rise  these  times  would  be  represented 
by  I  tf  and  i  o. 

Sluice-doors  when  self-acting  should  open  fully  so 
as  to  be  free  above  the  top  of  the  ope ;  and  not  to  fall 
below  it  until  the  rising  water  is  at  the  level  of  the 
surface  of  the  inside  reservoir ;  when  it  should  shut  if 
well  constructed.  They  hang  in  the  greater  number 
of  executed  works  at  an  angle  0,  with  the  vertical 
which  varies  with  the  force  of  the  outflow.  The  aper- 
ture,  a,  in  this  case  is  no  longer  the  cross  section  of 
the  culvert,  but  the  orifice  now  may  be  supposed  as 
made  up  of  a  plane  the  width  of  the  culvert,  at  right 
angles  to  the  door,  equal  to  a  sin.  6,  having  two  vertical 
triangular  open  cheeks  of  the  height  of  the  culvert  one 
on  each  side,  between  the  vertical  plane  on  the  sloping 
door  and  the  top.  These  triangular  cheeks  vary  in 
area  from  zero  to  their  maximum  value,  which  is  when 
the  door  hangs  at  an  angle  of  45"".  If  the  door  be  set 
back  in  the  culvert  these  cheeks  are  stopped  and  the 
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outlet  becomes  a  sin.  0.  Further  formulae  for  such 
contractions  would  be  mere  waste,  practically  con- 
sidered ;  and  they  are  therefore  not  given.  A  good 
sluice  gate,  with  its  mountings,  from  the  axis  of 
suspension  downwards,  should  have  the  same  specific 
gravity  as  the  outside  water,  should  act  in  a  cistern  so 
as  to  be  entirely  immersed  at  all  times,  and  the  centre 
of  pressure  a  little  below  the  centre  of  gravity.  But 
this  is  no  place  for  questions  of  construction,  or  the 
application  of  hydrodynamical  principles  to  them.  If 
the  object  were  to  calculate,  at  first,  the  sectional  area 
of  a  culvert  required  for  a  given  discharge  it  should 
not  be  made  less,  in  practice,  than  double  those  easily 
derived  from  the  above  formulae,  which  would  vary 
with  the  ratio  of  the  lengths  to  the  hydraulic  mean 
depth  of  the  culvert. 

In  these  sluices,  flood  or  tidal,  the  time  of  rising 
and  falling  through  /i  is  lost  in  each  flood,  or  in  each 
tide ;  but  as  sea  water  is  more  dense  than  fresh  water 
the  time  lost  is  a  little  more.  There  is  also  a  back 
leakage  through  the  sluice  when  shut.  When  the 
sluice  can  be  placed  at  or  below  low  water  springs 
there  is  an  advantage  if  not  overbalanced  by  the 
expense  ;  but  in  general  it  is  sufficient  to  place  it  at  or 
below  the  low  water  in  the  tail-race  which,  itself,  must 
have  a  surface  fall  to  the  low  water  of  neap  and  spring 
tides  along  the  shore,  if  it  be  of  any  length.  Other- 
wise, unless  artificially  constructed  and  covered  over, 
it  would  fill  in.  The  range  of  the  tide  varies  consider- 
ably even  in  the  same  place  from  the  lowest  neaps  to 
the  highest  springs.  The  mid-tide  is  nearly  constant 
and  the  velocity  of  ebb  and  flow  indicated  by  change  of 
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level  is  then  a  maximum  for  each  tide.  For  30  degrees 
on  each  side  comprising  the  time  of  falling  through 
the  central  half  of  the  whole  range  the  times,  diagram  8, 
are  nearly  as  the  changes  of  level.  In  the  remaining 
half  range,  comprising  one  quarter  above  and  the  other 
quarter  below,  the  relation  is  more  complex,  and  varies 
with  time,  wind,  and  weather.  In  Dundalk  I  have 
known  two  high  waters  within  a  few  hours  of  each 
other,  the  first  ebb  having  commenced  and  continued 
for  some  time  until  it  was  stopped  by  a  return  flow. 
Hence,  in  order  to  estimate  approximately  the  dis- 
charge from  a  tidal  sluice,  we  must  calculate  the 
discharge  for  each  tide  and  each  day,  suitable  to  dia- 
gram 1  or  diagram  2 ;  noting  that  as  the  range 
varies  from  springs  to  neaps  so  must  the  head,  Ai, 
when  the  surface  at  t  of  the  backwater  remains  con- 
stant. It  is  necessary  to  keep  this  surface  at  all  times 
from  twelve  to  eighteen  inches  at  least  below  the  ad- 
jacent lands,  and  more  if  the  element  of  expense 
permits.  This  level  regulates  the  depth  and  size  of 
the  sluice  or  sluices. 

Self-acting  sluices  can  be  hung  on  vertical  as  well 
as  horizontal  axes.  When  at  the  surface,  for  weirs 
across  rivers,  the  centre  of  pressure  for  crest  sluices  is 
at  two-thirds  of  the  depth  below  the  surface.  As  the 
water  falls  below  the  top  so  does  this  centre ;  but  it 
can  never  rise  higher  than  half  the  depth,  the  position 
when  most  deeply  immersed.  The  position  of  the 
horizontal  axis  of  such  sluices  lies  therefore  below  the 
middle,  and  is  regulated  by  the  circumstances  of  each 
case,  which  are  referred  to  farther  on. 
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SECTION    VIIL 

FLOW   OP  WATER  IN   UNIFORM   CHANNELS. — MEAN   VELO- 
CITY.— MEAN  RADH  AND  HYDRAULIC  MEAN  DEPTHS. 

BORDER. — TRAIN.  —  HYDRAULIC  INCLINATION. — 

EFFECTS   OF   IfTRICTION. — FORMULiE   FOR   CALCULAT- 
ING   THE     MEAN  VELOCITY. ^APPLICATION    OP    THE 

FORMUUE     AND     TABLES    TO     THE     SOLUTIONS      OF 
THREE  USEFUL  PROBLEMS. 

In  rivers  the  velocity  is  a  maximum  along  the  central 
line  of  the  surface,  or,  more  correctly,  over  the  deepest 
part  of  the  channel;  and  it  decreases  thence  to  the 
sides  and  bottom :  but  when  backwater  arises  from  any 
obstruction,  either  a  submerged  weir.  Fig.  22,  or  a 
contracted  channel,  Fig.  28,  the  velocity  in  the  channel 
approaching  the  obstruction  is  a  maximum  at  the 
depth  of  the  backwater,  below  the  surface,  and  it  de- 
creases thence  to  the  surface,  sides,  and  bottom. 
When  water  flows  in  a  pipe  of  any  length,  the  velocity 
at  the  centre  is  greatest,  and  it  decreases  thence  to  the 
sides  or  circumference  of  the  pipe.  If  the  pipe  be 
supposed  divided  into  two  portions  in  the  direction  of 
its  length,  the  lower  portion  or  channel  will  be  analo- 
gous to  a  small  river  or  stream,  in  which  the  velocity 
is  greatest  at  the  central  line  of  the  surface,  and  the 
upper  portion  will  be  simply  the  lower  reversed.  A 
pipe  flowing  full  may,  therefore,  be  looked  upon  as  a 
double  stream,  and  it  will  soon  appear  that  the  formulae 
for  the  discharge  from  each  kind  are  all  but  identical. 
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though  a  pipe  may  discharge  full  at  all  inclinations^ 
while  the  inclinations  in  rivers  or  streams,  having  uni- 
form motion,  never  exceed  a  few  feet  per  mile. 

MEAN   VELOCITY. 

It  is  found,  by  experiment,  that  the  mean  velocity  is 
nearly  independent  of  the  depth  or  width  of  the  chan- 
nel, the  central  or  maximum  velocity  being  the  same. 
From  a  number  of  experiments,  Du  Buat  derived 
empirical  formulae  equivalent  to 

2     =v  — vi-f--,Vb=:(v4  — l)^andv=(v4+l)*; 

in  these  equations  v  is  the  mean  velocity,  v  the  maxi- 
mum surface  velocity,  and  V|,  the  velocity  at  the  sides, 
or  bottom,  expressed  in  French  inches.  Tables  cal- 
culated from  these  formulae  do  not  give  correct  results 
for  measures  in  English  inches,  though  they  are  those 
generally  adopted.  Disregarding  the  difference  in  the 
measures,  which  aire  as  1  to  1'0678,  it  will  be  found 
that,  in  the  generality  of  channels,  the  mean  velocity 
is  not  an  arithmetical  mean  between  the  velocity  at  the 
central  surface  line  and  that  at  the  bottom,  though 
nearly  so  between  the  mean  bottom  and  mean  surface 
velocities.  Dr.  Young,*  modifying  Du  Buat's  for- 
mula, assumes  for  English  inches  that  v  -|-  v^  =  v, 

and  hence  v  =  v  +  J  —  (v-f-  J)*.  This  gives  results 
very  nearly  the  same  as  the  other  formula  for  v,  but 
something  less,  particularly  for  small  surface  velocities. 
For  instance,  Du  Buat's  formula  gives  '5  inch  for  the 
mean  velocity  when  the  central  surface  velocity  is  1 

*  Philosophical  Transactions,  1808,  p.  437. 


190  THE  DISCHARGE  OF  WATER  FROM 

inch,  whereas  Dr.  Young's  makes  it  '38  inch.  For 
large  velocities  both  formulae  agree  very  closely,  dis- 
regarding the  difference  between  the  measures,  which 
is  only  seven  per  cent.  They  are  best  suited  to  very 
small  channels  or  pipes,  but  unless  at  mean  velocities 
of  about  8  feet  per  second,  they  are  wholly  inapplicable 
to  rivers. 

Prony  found,  from  Du  Buat's  experiments,  that  for 

.  /2-37187  +  v\     .       ,.  .     . 

measures  m  metres  r  =  I  ^  ,  ^^^^    —  Iv,  m  which  v  is 

V3-15312  +  v/  ' 
also  the  maximum  surface  velocity.     This,  reduced  for 
measures  in  English  feet,  becomes 
/m  X  /  7-788   +  v\     -, 

and  for  measures  in  English  inches, 
/m    N  .,       /  98-89    +  v\ 

For  medium  velocities  v  =  '81  v.  The  experiments 
from  which  these  formulae  were  derived  were  made  with 
small  channels.  The  author  has  calculated  the  values 
of  V  from  that  of  v,  equation  (71a),  and  given  the  re- 
sults in  columns  8, 6,  and  9  in  Table  VII.  Ximenes, 
Funk,  and  Briinning's  experiments  in  larger  channels 
give  the  mean  velocity  at  the  centre  of  the  depth  equal 
'914  V,  when  the  central  or  maximum  surface  velocity 

*  Francis,  Lowell  Experiments,  p.  150,  finds  this  formula  to  give  15 
per  cent,  less  than  the  result  found  by  weir  measurement  from  the 
formula  d  =  8*83  {I—  '1  n  h)  hi,  the  quantity  discharged  being  about 
250  cubic  feet  per  second,  and  the  velocity  about  3*2  feet.  It  appears, 
however,  that  Francis  uses  the  mean  surface  velocity,  and  not  the 
maximum  surface  velocity  required  by  the  formula  :  if  the  latter  were 
used,  the  difference  would  be  reduced  to  6  x>er  cent.,  or  thereabouts,  in 
equation  (72). 
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is  y ;  but  as  the  velocity  also  decreases  in  nearly  the 
same  ratio  at  the  surface  from  the  centre  to  the  sides 
of  the  channel,  we  shall  get  the  mean  velocity  in  the 
whole  section  equal  •914  x  '914  v  =  '885  v;  and 
hence,  for  large  channels, 
(72.)  V  =  -885  V, 

in  which  equation  v  is  the  maaimum  velocity  at  the 
surface.  The  author  has  also  calculated  the  values  of 
V  from  this  formula,  and  given  the  results  in  columns 
2,  5,  and  8  of  Table  VII.  This  table  will  be  found 
to  vary  considerably  from  those  calculated  from  Du 
Buat's  formula  in  French  inches,  hitherto  generally 
used  in  this  country,  and  much  more  applicable  for  all 
practical  purposes. 


MEAN   RADIUS. — HYDRAULIC   MEAN    DEPTH. — ^BORDER. 

COEFFICIENT   OF  FRICTION. 

If,  in  the  diagrams  1  and 
2,  Fig.  80,  exhibiting  the 
sections  of  cylindrical  and 
rectangular  tubes  filled  with 
flowing  water,  the  areas  be 
divided  respectively  by  the 
perimeters  a  c  b  d  a  and  a  b  d  c  a,  the  quotients  are 
termed  "  the  mean  radiV*  of  the  tubes,  diagrams  1  and 
2 ;  and  the  wetted  perimeters  in  contact  with  the  flowing 
water  are  termed* "  the  borders.''  In  the  diagrams  8 
and  4,  the  surface  a  b  is  not  in  contact  with  the  chan- 
nel, and  the  width  of  the  bed  and  sides,  talcen  together, 
A  c  D  b,  becomes  "  the  border.'*  "  The  mean  radius  " 
is  equal  to  the  area  a  b  d  c  a  divided  by  the  length  of 
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the  border  a  c  d  b.  "  3%«  hydraulic  mean  depth  *'  is 
the  same  as  ''  the  mean  radius,*^  this  latter  term  being 
perhaps  most  applicable  to  pipes  flowing  full,  as  in 
diagrams  1  and  2 ;  and  the  former  to  streams  and 
rivers  which  have  a  surface  line  a  b,  diagrams  8  and  4. 
Throughout  the  following  equations,  the  value  of  the 
*'  mean  radius/'  "hydraulic  mean  depth,"  or  quotient, 

S^TirH'* ''  ^''^'''^  ^y  ^'  ^''^'  *■'  ''"^^^ 

here  that  for  cylindrical  pipes  flowing  fuU,  or  rivers 
tcith  semicircvlar  beds,  it  is  always  equal  to  half  the 
radius,  or  one-fourth  of  the  diameter. 

Du  Bu&t  was  the  first  to  observe  that  the  head  due 
to  the  resistance  of  friction  for  water  flowing  in  a 
imiform  channel  increased  directly  as  the  length  of  the 
channel  Z,  directly  as  the  border,  and  inversely  t  as  the 

*  M.  Girard  has  conceived  it  necessary  to  introduce  the  coefficient 
of  correction  1*7  as  a  multiplier  to  the  border  for  finding  r,  to  aUow 
for  the  increased  resistance  from  aquatic  plants ;  so  that,  according  to 
his  reduction, 

area 
^  =  1-7  border' 

See  Rennie*s  First  Report  on  Hydraulics  as  a  branch  of  Engineering  ; 
Third  Report  of  the  British  Association,  p.  167  ;  also,  equation  (85), 
p.  216.  The  Author  has  known  cases  in  very  irregular  channels  in 
which  for  this  sort  of  correction 

area 
*"  ~  4  border' 
In  other  words,  where  the  velocity  found  from  the  common  formula, 
from  the  fall  per  mile,  required  to  be  reduced  one-half  to  find  the 
actual  mean  velocity. 

t  Pitot  had  previously,  in  1726,  remarked  that  the  diminution 
arising  from  friction  in  pipes  is,  ccUeria  paribus,  inversely  as  the 
diameters. 
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area  of  the  cross-flowing  section,  very  nearly ;  that  is, 
as  -.  It  also  increases  as  the  square  of  the  velocity, 
nearly ;  therefore  the  head  due  to  the  resistance  must 


be  proportionate  to 


f^i 


If  Cf  X 


'^l 


=  hfj  then  Cf 


2gr  •  ""  2gr 
is  the  coefficient  for  the  head  due  to  the  resistance  of 
firiction,  as  h  is  the  head  necessary  to  overcome  the 
friction  at  the  given  velocity ;  Cf  is  therefore  termed 
**  the  coefficient  of  friction.**  It  is  found  to  increase  as 
the  velocity  decreases. 


HYDRAULIC  INCLINATION. — TRAIN. 

If  {  be  the  length  of  a  pipe  or  channel,  and  hi  the 
height  due  to  the  resistance  of  friction  of  water  flowing 

in  it,  then  — '  is  the  hydraulic  inclination.      In  Fig.  81 
the  tubes  a  b,  c  d,  of  the  same  length  I,  and  whose 


i... 

">  Fiff.aij 

1              y 

|a- --j3 

^^j^iPJA             ]& 

H 

^g^^0SSSSl^L                        K 

^     M Tvi 

tUB^S^^^^--                            ^3~          is 

U WC^                                     "        "          ^1                 M 

00^ 

ssss^ 

y 

discharging  extremities  b  and  d  are  on  the  same  hori- 
zontal plane  b  d,  will  have  the  same  hydraulic  inclina- 
tion and  the  same  discharge,  no  matter  what  the  actual 
inclinations  or  the  depth  of  the  entrances  at  a  and  c 
may  be,  if  they  are  of  the  same  kind  and  bore ;  and  as 

the  velocities  in  a  b  and  c  D  are  the  same,  the  height 

o 
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h  due  to  them  must  be  the  same  when  the  circumstances 
of  the  orifices  of  entry  a  and  c  are  alike.  The  whole 
head  ish  =  h  +  hf  (see  pp.  161  and  162,  &c.)  The 
hydraulic  inclination  is  not  therefore  the  whole  head  h, 
divided  by  the  length  I  of  the  pipe,  as  it  is  sometimes 
mistaken  for,  but  the  height  hf  (foimd  by  subtracting  the 
height  hy  due  to  the  entrance  at  a  or  c,  and  the  velo- 
city in  the  pipe,  from  the  whole  height)  divided  by  the 
length  L  When  the  height  h  is  very  small  compared 
with  the  head  hf  due  to  friction,  or  to  the  whole  height 
H,  as  it  is  in  very  long  tubes  with  moderate  heads ; 

H  fu     ' 

-J  may  be  substituted  for  y  without  error;  but  for  short 

V  V 

pipes  up  to  1000  diameters  in  length  the  latter  only 
should  be  used  in  applying  Du  Buat's  and  some  other 
formulae,  which  only  allow  for  the  head  due  to  friction ; 
otherwise  the  results  will  be  too  large,  and  only  fit  to 
be  used  approximately  in  order  to  determine  the  height 
h  from  the  velocity  of  discharge  thus  found.  When 
the  horizontal  pipe  c  d.  Fig.  82,  is  equal  in  every  way 


to  the  inclined  pipe  a  b,  and  the  head  at  a  is  that  due 
to  the  velocity  in  c  d,  the  discharge  from  the  pipe  a  b 
will  be  equal  to  that  from  c  d  ;  but  a  peculiar  property 
belongs  to  the  pipe  a  b  in  the  position  in  which  it  is 
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here  placed ;  for  if  it  he  cut  short  at  any  point  e,  or 

lengtliened  to  any  extent,  to  e,  the  discharge  will  remain 

the  same  and  equcd  to  that  through  the  horizontal  pipe 

c  D.     The  Telocity  in  a  b  at  the  angle  of  inclination 

ABC,  when  a  c  =  fef ,  and  a  b  =  c  n,  is  therefore  such 

that  it  remains  unaffected  by  the  length  a  e  or  a  e,  to 

which  it  may  be  extended  or  cut  short ;  and  at  this  in- 

clination  the  water  in  the  pipe  ab  is  said  to  be  "  in 

train.**    In  like  manner  a  river  or  stream  is  said  to  be 

^*in  train'*  when  the  inclination  of  its  surface  bears 

such  a  relation  to  the  cross  section  that  the  mean 

velocity  is  neither  accelerated  nor  retarded  by  the  length 

of  the  channel ;  and  it  can  be  perceived  from  this  that 

the  acceleration  that  would  be  caused  by  the  inclination 

is  exactly  counterbalanced  by  the  resistances  to  the  motion 

when  the  moving  water  in  a  pipe  or  river  cliannel  is  in 

train. 

Some  miters  aad  engineers  appear  to  confound  the 

inclination  of  a  pipe,  simply  so  called,  or  the  head 

divided  by  the  length,  with  the  hydraulic  inclination  ; 

and  consequently  have  fallen  into  error  in  applying 

such  of  the  known  formulsB  as  take  into  consideration 

only  the  head  due  to  the  resistance  of  friction.    When 

pipes  are  of  considerable  length,  and  the  water  is 

supplied  from  a  reservoir  at  one  end,  the  inclination, 

found  as  above,  and  the  hydraulic  inclination,  may  be 

taken  equal  to  each  other  without  sensible  error ;  but 

for  shorter  pipes,  of  say  up  to  800  or  1000  diameters 

long,  the  greater  number  of  formulae,  as  Du  Buat's 

and  others,  do  not  directly  apply ;  and  it  is  necessary 

to  take  into  consideration  the  head  due  to  the  orifice 

of  entry,  the  velocity  in  the  tube,  and  also  to  the 

0  2 
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impulse  of  supply  when  there  are  junctions.  These 
separate  elements,  and  their  effects,  will  be  now  con- 
sidered ;  but  it  will  be  of  use  to  refer  a  little  farther 
on  to  some  experiments,  and  the  imperfect  application 
of  formulae  to  them^  first  premising  that  a  pipe  may  he 
horizontal^  or  even  turn  upwards,  and  yet  have  a  con- 
siderahle  hydraulic  inclination. 

As  A  =  (1  +  c,)  5 —  where  c,  is  the  coefficient  of 

the  height  due  to  the  resistance  at  the  orifice  of  entry 

v^  I 

A  or  c,  and  /«#  =  CtK ,  therefore 

'  '  2  g  r 

^  li^      /  l\  t^ 

(73.)  H  =  (1  +  c,)^  +  c,  X -2ir=V  "^  '^'^''rjrg^ 
and  hence  the  mean  Telocity  of  discharge  is  found 
to  be 

f        2gH        Y     (    -x2^H 
(74.)     t;=    ^l  -J     ^' 


r 


or. 


1  +  c, +  c,^  (l  +  c,)-+i 

rJ  \  Cf 


(     2gK     -||      r     2gur    ) 


as  cj  =  c  +  V  ®4^^^^^  (65).    Also  this  last  equation 
by  another  change  of  form  becomes 


X  -^  1^         i  I; 


(74b.)      V  =  V  2  ^  H 

•  See  equations  (152)  and  (152a)  for  a  still  more  general  expression 
for  the  velocity  j  and  page  229,  for  the  value  of  ci  suited  to  various 
velocities. 
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the  values  of  the  second  member  on  the  right-hand 
side  of  this  equation,  or  of 


hA^ff 


are  given,  for  different  values  of  Cf,  c^,  and  -,  in  the 

small  table  at  p.  146,  and  below  at  p.  199* 

When  k  is  small  compared  with  %<,  or,  which  comes 

to  the  same  thing,  1  +  c^  small  compared  with  Cf  x  -  ^ 

(7o.)  H  =  c,  X  — , 

and 


(76.) 


■ = {■4?}' 


H 


In  the  last  equation,  if  «  be  substituted  for  7 ,  equal 
the  sine  of  the  angle  of  inclination  a  b  c^  then 

The  average  value  of  c,  for  all  pipes  with  straight 
channels,  with  velocities  of  about  1'5  foot  per  second > 
may  be  taken  at  "0069914,  from  which  equation  (77) 
becomes,  for  measures  in  feet, 

(78.)  t?  =  96  Vn. 

As  the  mean  value  of  the  coefficient  of  resistance  o, 
for  the  entrance  into  a  tube  is  '508,  and  as  2  (/ 
:=  64-403,  and  c,  =  -0069914,  equation  (74),  for 
measures  in  feet,  becomes 
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64-408  H 
508  +  -0069914  ^ 

T 


nr 


\ 


0234r+ -0001085  Z 
^  =  ®^t58d+l-085Z/  • 


or 


This,  multiplied  by  the  section,  gives  the  discharge. 

For  velocities  between  2  and  2^  feet  per  second,  Ct 
=  -0064408,  and  therefore 

^  -  t-"0284r4--0001Zj    "-^"{68d  +  0' 
in  which  d  =  4  r  =  diameter  of  a  pipe. 

The  following  table  is  calculated  from  equation 
(74b)  Jar  a  velocity  of  about  20  feet  per  second,* 
when  C{  =;  -004556,  and  for  different  orifices  of  entry, 
in  which  c^  varies  from  -986  for  a  rounded  orifice,  to  -715 
when  the  pipe  projects  into  the  vessel.   It  gives  directly 

the  coefficient,  which,  multiplied  by  V  2  jr  h,  gives 
the  velocity  in  the  pipe,  taking  friction  into  account. 

The  small  table  Section  VI.,  p.  146,  gives  the  like 
coefficients  of  V  2  ^  h  in  equation  (74b),  when  c^  = 
'00699  suited  to  a  velocity  of  about  18  inches  per 
second,  and  can  be  applied  in  like  manner.  The  value 
of  V  2  ^  H  is  given,  in  inches,  in  column  2,  Table  II. 
For  feet  it  is  equal  8  V^  nearly. 

Mr.  Provisos  valuable  experimentst  with   IJ-inch 

*  See  p.  146. 

f  Transactioiis  of  the  Institutioii  of  Civil  Eagineen,  vol.  ii.  pp.  201 

—210. 
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Values  op  -<  1  .  I  >• 

U  +  '^^rj 


FOR  VELOCITIES  OF 

'  ABOUT  20  PKET  PER  SECOND.* 

Niunber  of 
dUmeten  in 

Uie  length 
of  the  pipe. 

CoiieBiKiading 

coefficients  of 
diBebangaL 

Number  of 

dlamoterain 

the  length 

of  the  pipe. 

Gorrespanding 

coefficients  ot 

discfauge. 

2  diameters 

-986 

•814 

•716 

900  diameters 

•289 

•236 

•283 

6 

•967 

•791 

•698 

960        „ 

•234 

•230 

•227 

10 

•919 

•769 

•683 

1000        „ 

•228 

•226 

•222 

15 

'886 

•749 

•669 

1060 

•233 

•220 

•317 

20 

•865 

•731 

•666 

1100        „ 

•218 

■215 

•213 

26 

•828 

•718 

•643 

1200        „ 

•209 

•207 

•206 

30 

•804 

•698 

•632 

HOO        „ 

•194 

•192 

•191 

35 

•781 

•683 

•620 

1600 

•182 

•180 

•179 

40 

•760 

•668 

•610 

1800        „ 

•172 

•171 

•170 

45 

•741 

•666 

•600 

2000        „ 

•163 

•162 

•161 

60 

•728 

•643 

•690 

2200        „ 

•156 

•165 

•164 

66 

•706 

•632 

•680 

2400 

•149 

•149 

•148 

100 

•696 

•648 

•614 

2600        „ 

•144 

•143 

•142 

160 

•618 

•486 

•462 

2800        ,, 

•139 

•188 

•137 

200 

•464 

•440 

•422 

8000 

•134 

•133 

•133 

260 

•424 

•406 

•891 

3200        „ 

•130 

•129 

•129 

800 

•892 

•878 

•366 

3400        „ 

•126 

•126 

•126 

360 

•867 

•366 

'346 

3600 

•122 

•121 

•121 

400 

•846 

•336 

•329 

3800 

•119 

•119 

•118 

450 

•329 

•319 

•314 

4000 

•116 

•116 

•116 

600 

•814 

•307 

•300 

4210        „ 

•113 

•113 

•118 

660 

•801 

•295 

•289 

4400 

•111 

•111 

•111 

600 

•289 

•288 

•278 

4600 

•108 

•108 

•108 

660 

•279 

•278 

•269 

4800 

•106 

•106 

•106 

700 

•269 

•266 

•261 

6000 

•104 

•104 

•104 

760 

•261 

•267 

•263 

6200        „ 

•102 

•102 

•102 

800 

•258 

•249 

•246 

6400 

•100 

•100 

•100 

860 

•246 

•242 

•289 

6600 

•098 

•098 

•098 

pipes,  from  20  to  100  feet  long,  have  been  used  in  a 
published  worki"  for  the  purpose  of  testing  the  accuracy 
of  Du  Buat's  and  some  other  formulae  ;  but  the  head 

*  See  p.  146. 

t  Researches  in  Hydraulics.     Weale's  Qoarterly  Papers  on  En- 
gineering. 
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divided  by  the  length  is  assumed  to  be  the  hydratdic 
inclination  throughout,  and  no  allowance  is  made  for 
the  head  due  to  the  orifice  of  entry  and  velocity  in 
the  pipe.  Of  course  the  writer's  conclusions  are 
erroneous.  It  is  shown,  Section  I.,  page  16,  how  very 
nearly  the  formulse  and  experiments  agree. 

The  formulae  appear  to  have  been  also  misunderstood 
by  the  surveyor  who  experimented  for  the  General 
Board  of  Health ;  for  the  inclination  of  the  pipe  in 
itself  is  assumed  to  be  the  hydraulic  inclination,  and 
no  allowance  is  made  for  the  head  due  to  the  impulse 
of  supply-  In  the  Civil  Engineer  and  Architect's 
Journal,  Vol.  XY.,  page  866,  it  is  stated  that  "  the 
chief  results  as  respect  the  house  drains  are  thus 
described  in  the  examination  of  the  surveyor  appointed 
to  make  the  trials."* 

**  What  quantity  of  water  would  be  discharged  through  a  S-inch 
pipe  on  an  inclination  of  1  in  120  f— Full  at  the  head  it  would  dis- 
charge 100  gallons  in  three  minutes,  the  pipe  being  50  feet  in  length. 
This  is  with  stone-ware  pipe  manufactured  at  Lambeth.  This  applies 
to  a  pipe  receiving  water  only  at  the  inlet,  the  water  not  being  higher 
than  the  head  of  the  pipe. 

"  What  water  was  this  f — Sewage-water  of  the  fiill  consistency,  and 
it  was  discharged  so  completely  that  the  pipe  was  perfectly  clean. 

"  At  the  same  inclination  what  would  a  4-inch  pipe  discharge  with 
the  same  distances  ? — ^Twice  the  amount  (that  I  found  from  experi- 
ment) ;  or,  in  other  words,  100  gallons  would  be  discharged  in  half  the 
time.  This  likewise  applies  to  a  pipe  receiving  water  only  at  the  inlet, 
and  of  not  greater  height  than  the  head.  In  these  cases  the  section  of 
the  stream  is  diminished  at  the  outlet  to  about  half  the  area  of  the  pipe. 

**  Before  these  experiments  were  made,  were  there  not  various  hypo- 
thetical formulflef  proposed  for  general  use  t~  Yes. 

*  Minutes  of  Information  with  reference  to  Works  for  the  removal 
of  Soil,  Water,  or  Drainage,  &c.,  &c.  Presented  to  both  Houses  of 
Parliament,  1852. 

t  it  is  a  mistake  to  call  those  formuls  hypothetical,  unless  so  fiu*  as 
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"  What  would  these  formnlffi  have  given  with  a  3-inch  pipe,  and  at 
an  inclination  of  1  in  100  ?  and  what  was  the  result  of  your  experi- 
ments with  the  3-inch  pipe  ? — The  formulffi  would  give  7  cubic  feet, 
the  actual  experiment  gave  11}  cubic  feet ;  converting  it  into  time,  the 
discharge,  according  to  the  formule,  compared  with  the  discharge 
found  by  actual  practice,  would  be  as  2  to  3. 

"How  would  it  be  with  a  4-inch  pipe  I — The  formula  would  give 
about  14*7  cubic  feet  per  minute,  whereas  practice  gave  28  cubic  feet 
per  minute. 

"Take  the  case  of  a  6-inch  pipe  of  the  same  inclination? — The 
results,  according  to  Mr.  Hawksley's  formula,  would  be  40|  cubic  feet 
per  minute  ;  from  experiment  it  was  found  to  be  63^  cubic  feet  per 
minute. 

"Then  with  respect  to  mains  and  drainage  over  a  flat  surface,  the 
result  of  course  becomes  of  much  more  value,  as  the  difference  proved 
by  actual  practice  increases  with  the  diminution  of  the  inclination  ? — 
Certainly,  to  a  very  great  extent  For  example,  the  tables  give  only 
14*2  cubic  feet  per  minute  as  the  discharge  from  a  pipe  6  inches  dia- 
meter, with  a  fidl  of  1  in  800  ;  practice  shows  that,  under  the  same 
conditions,  47*2  cubic  feet  will  be  discharged. 

"  Will  you  give  an  example  of  the  practical  value  of  this  when  it 
is  required  to  carry  out  drainage  works  over  a  very  flat  surface  ? — An 
inclination  of  1  in  800  gives  only  14  cubic  feet  per  minute,  according 
to  theory,  while,  according  to  actual  experiment,  and  with  the  same 
inclination,  47  cubic  feet  are  given. 

"Then  this  difference  may  be  converted  either  into  a  saving  of 
water  to  effect  the  same  object,  or  into  power  of  water  to  remove  fecu- 
lent matter  from  beneath  the  site  of  any  houses  or  town  T — It  may 
be  so. 

"  And  also  the  power  of  small  inclinations  properly  managed  \ — 
Yes ;  for  example,  if  it  was  required  to  construct  a  water  course  that 

the  hypothesis  is  founded  on  observed  facts.  Every  formula  in  prac- 
tical use  Lb  founded  on  experiments,  and  has  been  deduced  from  them, 
but  those  formulffi  are  too  often  hypothetically  applied  to  short  tubes 
without  the  necessary  corrections.  It  will  be  seen  in  this  Sxction 
that  the  experiments  from  which  the  formulss  given  were  derived,  were 
in  every  way  greatly  more  extensive  than  those  made  by  the  directions 
of  the  Board  of  Health.  The  formula  named  as  Mr.  Hawksley's  is, 
substantially,  Eytelwein's  algebraically  transformed. 
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should  dischai^,  say  200  feet  per  minnte,  the  formnla  would  reqnire 
an  inclination  of  1  in  60 -■2  inches  in  10  feet;  wheieai^  experiment 
has  shown  that  the  same  would  be  discharged  at  an  inclination  of  1  in 
200  » I  inch  in  10  feet,  thus  e£EiBCtiQg  a  considerable  saving  in  excaTa- 
tion«  or  a  smaller  drain  wonld  suffice  at  the  greater  inclination." 

The  results  given  above  are  calculated  in  the  follow- 
ing Table,  and  also  eight  of  the  experiments  made  for 
the  Metropolitan  Commissioners  of  Sewers* ;  assuming 
for  the  present,  with  the  surveyor,  examined  by  the 
Commissioners,  that  the  inclinations  of  the  pipes  and 
hydraulic  inclinations  of  the  formulsB  are  the  same, 
which  is  incorrect^  the  calculated  discharges,  found  by 
means  of  Tables  YIII.  and  IX.,  are  given  in  the  last 
column  of  the  Table. 


Diameter  of 

IneUnailoa 

Dlicharirein 
cubic  feet  per 

Hypotlieticel 
diaohmsebf 

pipe  in  inchei. 

ofpipeu 

minute  by 

DuBuifs 

experiment. 

formula. 

3 

1  in  120 

6-8 

6*6 

4 

1  in  120 

107 

14 

3 

1  in  100 

11-2 

7-5 

4 

1  in  100 

23 

15-6 

6 

1  in  100 

63-6 

48-8 

6 

1  in  800 

47-2 

18-8 

6 

lineo 

76 

59*8 

6 

1  in  100 

63 

43*8 

6 

1  in  160 

54 

83-4 

6 

1  in  200 

52 

29-2 

6 

1  in  820 

49 

21-8 

6 

1  in  400 

48-5 

19-6 

6 

1  in  800 

47-2 

18-8 

6 

Level 

46 

GO 

Du  Buat*s  formula,  therefore,  gives  larger  results 
th  Jn  the  experiments  in  the  two  first  cases,  because 
the  water  received  at  one  end  only  barely  filled  it,  and 

*  Adcock's  Engineer's  Pocket  Book,  1852,  pp.  261  and  262. 
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the  pipe  was  not  full  at  the  lower  end ;  hut  less  in  the 
others.  If  in  these  the  head  due  to  the  impulse  of 
entry,  at  the  upper  end,  and  at  the  side  junctions, 
were  known,  and  the  proper  hydraulic  inclination 
determined  by  Uxe  experiments,  the  formulae  would  be 
found  to  give  larger  approximate  results  in  every  case, 
as  might  have  been  expected  from  the  sewage-water 
used.  In  the  last  eight  experiments  it  is  stated,*  that 
"  the  water  was  admitted  at  the  head  of  the  pipe,  and 
at  five  junctions  or  tributary  pipes  on  each  side,  so 
regulated  as  to  keep  the  main  pipe  fiill,"  and  that 
"  without  the  addition  of  junctions  the  transverse 
sectional  area  of  the  stream  of  water  near  the  dis- 
charging end  was  reduced  to  one-fifth  of  the  corre- 
sponding area  of  the  pipe,  and  that  it  required  a  simple 
head  of  water  of  about  22  inches  to  give  the  same  result 
as  that  (Uicruing  under  the  circumstances  of  the  junc- 
tions.'* It  is  also  stated,  that  '*in  the  case  of  the  6- 
inch  pipe,  which  discharged  75  cubic  feet  per  minute, 
the  lateral  streams  had  a  velocity  of  a  few  feet  per 
minute." 

Now,  the  head  of  "  about  22  inches "  is  wholly 
neglected  in  the  foregoing  calculations,  though  in  a  pipe 
100  feet  long  it  would  be  equal  to  on  inclination  of  1  in 
55  !  It  however  includes  three  elements  at  least,  viz., 
the  portion  due  to  the  orifice  of  entry,  the  portion  due 
to  the  velocity  in  the  pipe,  and  the  portion  due  to 
friction.  Assume  the  case  of  the  horizontal  pipe, 
which  discharged  46  euhic  feet  per  minute  A     This  is 

*  Adoock'8  Engineer's  Pocket  Book,  1852,  pp.  261  and  262. 
t  The  horizontal  pipe  wonld  dischaige  equally  at  both  ends,  unless 
there  was  a  head  of  water  at  either,  or  an  equivalent  in  the  vebcity  of 
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equal  to  a  mean  velocity  of  46*9  inches  per  second  ; 
with  this  velocity,  we  find  from  Table  VIII.  the 
hydraulic  inclination  of  a  6-inch  pipe  to  he  1  in  94, 
and,  therefore,  the  head  due  to  friction  in  a  pipe  100 
feet  long  is  12'7  inches.  Assuming  the  coefficient  for 
the  orifice  of  entry  and  velocity  to  he  '815,  we  also 
find  from  Table  II.  a  head  of  4^  inches  due  to  these. 
We  then  have, 
Head  due  to  the  velocity  and  orifice  of 

entry 4*25  inches 

Head  due  to  the  resistance  of  friction     12'70      ,, 
Radius  of  pipe 8*00      ,, 


Total  .  .  19*95 
which  is  ahout  2  inches  less  than  the  observed  head : 
this,  however,  is  not  stated  definitely.  It  is  therefore 
evident,  that  the  formvla  gives,  if  anything,  larger 
resvlts  than  these  experiments,*  as  might  have  been 
expected,  instead  of  less  in  the  ratio  of  2  to  Q,  as  is  stated 
in  the  Report. 

Wherever  jimctions  are.  applied,  as  in  the  examples 
above  referred  to,  the  formulsB  in  general  use  require 
correction;  for  the  quantity  of  water  then  flowing 
below  each  junction  is  increased.  A  certain  amount 
of  error  is,  perhaps,  inseparable  from  every  calculation 
of  this  kind  ;  but  before  formulae  deduced  firom  experi- 
ment by  men  every  way  qualified  for  the  task  are 
condemned,  it  would  be  well  that  their  critics  should 
learn  to  understand  and  properly  apply  them. 

approach.    Of  courae,  a  smaller  pipe  with  a  fall,  must  be  better  than 
the  larger  one  with  none  at  all,  in  preventing  deposits. 

*  This  is  also  true  of  the  other  formolfe,  for  finding  the  discharge 
from  pipes,  given  in  this  work. 
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The  diameter  of  a  short  pipe  gives  in  itself  the 
means  of  increasing  very  considerably  the  surface 
inclination  of  the  fluid  stream,  by  reducing  the  section 
at  the  lower  end.  Assume  a  horizontal  pipe  50  feet 
long  and  6  inches  in  diameter,  then  if  the  receiving 
end  be  full,  and  the  discharging  end  one-third  fiill,  this 

inclination  will  be  ~^a  ^  io  =  p7) I  *^^  ^**  ^®  ^' 

charging  end  cannot  be  kept  full  imless  a  head  of 
several  inches  be  maintained  at  the  receiving  end,  or 
an  equivalent  from  a  lateral  supply.  When  the  pipe 
is  about  two  diameters  long  it  becomes  a  short  tube ; 
and  when  the  length  vanishes,  the  transverse  section 
becomes,  simply,  a  discharging  orifice. 


Du  buat's  formula. 

The  coefficient  of  friction  Cf  is  not,  however,  con- 
stant, as  it  varies  with  the  velocity.  That  given,  p.  198, 
viz.,  Cf  =  "004556  answers  for  pipes  when  the  velocity 
is  20  feet  per  second.  For  pipes  and  rivers  it  is  found 
to  increase  as  the  velocity  decreases ;  that  is,  the  loss 
of  head  is  proportionately  greater  for  small  than  for 
large  velocities.  Du  Buat  found  the  loss  of  head  to 
be  also  greater  for  small  than  large  channels,  and 
applied  a  correction  accordingly  in  his  formula.  This, 
expressed  in  French  inches,  is 

tons  297  (r*- -1) .ftf*     -11 

(80.)    V--— -J a—  8(»-  -  1). 

(ij-hyp.  log.  (-  +  1-6/ 
maintaining  the  preceding  notation^  in  which  a  :=  ^ . 
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In  this  formula  '1,  in  the  numerator  of  the  first  term, 
is  deducted  as  a  correction  due  to  the  hydraulic  mean 

depth,  as  it  was  found  that  297  (r*— O'l)  agreed  more 

exactly  with  experiment  than  297r'  simply.      The 

second  term  hyp.  log.f--  +  1'6F,  of  the  denominator 

is  also  deducted  to  compensate  for  the  observed  loss 
of  head  being  greater  for  less  velocities,  and  the  last 

term  '8  (r*  —  "1)  is  a  deduction  for  a  general  loss  of 
velocity  sustained  from  the  unequal  motions  of  the 
particles  of  water  in  the  cross  section  as  they  move 
along  the  channel.  These  corrections  are  empirical ; 
they  were,  however,  determined  separately,  and  after 
being  tested  by  experiment,  applied,  as  above,  to  the 

radical  formula  v  =  297  V  r  8. 

Du  Buat's  formula  was  published  in  his  Principes 
d'Hydraulique,  in  1786.  It  is,  as  we  have  seen,  partly 
empirical,  but  deduced  by  an  ingenious  train  of  reason- 
ing and  with  considerable  penetration  from  about  125 
experiments,  made  with  pipes  from  the  19th  part  of  an 
inch  to  18  inches  in  diameter,  laid  horizontally, 
inclined  at  various  inclinations,  and  vertical;  and 
also  from  experiments  on  open  channels  with  sectional 
areas  from  19  to  40,000  square  inches,  and  inclinations 
of  from  1  in  112  to  1  in  36,000.  The  lengths  of  the 
pipes  experimented  with  varied  from  1  to  8,  and  from 
8  to  3,600  feet. 

In  several  experiments  by  which  the  author  has 
tested  this  formula,  the  resulting  velocities  found  from 
it  were  from  1  to  5  per  cent,  too  large  for  small  pipes, 
and  too  small  for  straight  rivers  in  nearly  the  same 
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proportion.  As  the  experiments  from  which  it  was 
derived  were  made  with  great  care,  those  with  pipes 
particularly  so,  this  was  to  he  expected.  Experiments 
with  pipes  of  moderate  or  short  lengths  should  have 
the  circumstances  of  the  orifice  of  entry  from  the 
reservoir  duly  noted ;  for  the  close  agreement  of  this 
formula  with  them  must  depend  a  great  deal,  in  such 
pipes,  on  the  coefficient  due  to  the  height  A,  which 
must  be  deducted  from  the  whole  head  h  before  the 

hydraulic  inclination,  -^  =  s,  can  be  obtained ;  but  for 

very  long  pipes  and  uniform  channels  this  is  not 
necessary. 

The  experiments  from  which  Du  Buat's  formula 
was  constructed  are  given  in  fall  by  the  late  Dr. 
Bobinson  in  his  able  article  on  "rivers"  in  the 
Encyclopaedia  Britannica,  pp.  268,  269,  and  270, 
where  the  calculated  and  observed  velocities  are  placed 
side  by  side  in  French  inches  per  second.  In  all 
these  experiments  Du  Buftt  carefully  deducted  the 
head  due  to  the  velocity  and  orifice  of  entry  before 
finding  the  hydraulic  inclination  «,  and  those  who 
attempt  to  calculate  the  velocity  from  the  head  and 
length  of  the  channel  only,  without  making  this 
deduction,  will  find  their  calculated  results  very  dif- 
ferent from  those  there  given.  If  there  were  bends, 
curves,  or  contractions,  deductions  would  have  to  be 
made  for  these  in  like  manner  before  finding  s. 

Under  all  the  circumstances,  and  after  comparing 
the  results  obtained  from  various  other  formulae,  the 
author  originally  preferred  calculating  tables  for  the 
values  of  v  from  this  formula  reduced  for  measures  in 
English  inches,  which  is 
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V  = 


(l)'-hyp.log.(J+l-6)' 

or  more  simply, 

(81.)    ,,  S07(r'-.l)  .3(,>_.i). 

This  gives  the  value  of  v  a  little  larger  than  the 
original  formula,  but  the  difference  is  immaterial. 
For  measures  in  English  feet  it  becomes 

88-51  (r*  -  -08)  i 

(82.)  V  =  TjTT ^^ j^ r.  -  -084  (r*  -  -08). 

(;)*-hyp.log.(i+l-6)* 

The  results  of  equation  (81*)  are  calculated  for 
different  values  of  8  and  r,  and  tabulated  in  Table 
VIII.,*  the  first  eight  pages  of  which  contain  the 
velocities  for  values  of  r  varying  firom  -^ih  inch  to 
6  inches ;  or  if  pipes,  diameters  from  ^  inch  to  2  feet, 
and  of  various  inclinations  from  horizontal  to  vertical. 
The  last  five  pages  contain  the  velocities  for  values  of 
r  from  6  inches  to  12  feet,  and  with  falls  from  6  inches 
to  12  feet  per  mile. 

Example  VIII.  A  pipe,  IJ  inch  diameter  and 
100  feet  long,  has  a  constant  head  of  2  feet  over  the 
discharging  extremity ;  what  is  the  velocity  of  discharge 
per  second  ? 

*  Wlien  this  Table  was  lint  calculated,  the  author's  fonnok  (119a) 
was  not  known,  and  as  a  development  of  Du  Bu&t's  valuable  but 
complex  expression  the  table  is  retained.  Others  have  since  given 
Tables  calculated  from  (119a),  but  the  formula  itself  is  easily  remem- 
bered, and  results  for  any  particular  case  easily  calculated ;  especially 
so  by  using  the  last  column  of  the  table  attached  to  it 
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The  mean  radius  r  =  j  =  -  inches,  and  -^  =  50  ==  -, 

is  the  approximate  hydraulic  inclination.  At  page  2 
of  Table  VIII.,  in  the  column  under  the  mean  radius 

-,  and  opposite  to  the  inclination  1  in  50,  is  found 

80"69  inches  for  the  velocity  sought.  This,  however, 
.is  but  approximative,  as  the  head  due  to  the  velocity 
should  be  subtracted  from  the  whole  head  of  2  feet, 
before  finding  the  true  hydraulic  inclination.  This 
head  depends  on  the  coefficient  of  resistance  at  the 
entrance  orifice,  or  the  coefficient  of  discharge  for  a 
short  tube.  In  all  Du  Buat's  experiments  this  latter 
was  taken  at  '8125,  but  it  will  depend  on  the  nature 
of  the  junction,  as,  if  the  tube  runs  into  the  cistern, 
it  will  become  as  small  as  *715 ;  and,  if  the  junction 
be  rounded  into  the  form  of  the  contracted  vein,  it 
will  rise  to  •974,  or  1  nearly.  In  this  case,  the  co- 
efficient of  discharge  may  be  assumed  '815,*  from 
which,  in  Table  II.,  the  head  due  to  a  velocity  of 

80*69  inches  is  1-  =  1*87  inch  nearly,  which  is  the 

value  of  h;   and  hence,  h  —  A  =  ftj  =  24  —  1*87 

««.«.    i_  J        100  X  12        ^,^         1 

=  22'13  mches;  andr-  = — oooq —  =  54*2  =    -  , 

the  hydraulic  inclination,  more  correctly.    With  this 

new  inclination  and  the  mean  radius  -,  the  velocity 

by  interpolating  between  the  inclinations  1  in  60 
and  1  in  60,  given  in  the  table,  is  30-69  — 1-84  =  29-85 
inches  per  second.  This  operation  may  be  repeated 
until  V  is  found  to  any  degree  of  accuracy  according 

*  See  Example  16,  pp.  14,  15. 
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to  the  formula ;  but  it  is,  practically,  nimecessary  to 
do  so.  The  discharge  per  minute  in  cubic  feet,  is  now 
easily  found  from  Table  IX.,  in  which,  for  an  inch 
and  a  half  pipe, 

Inchea  Cubic  feet. 

Foravelocity  of  20*00  per  second,  1 '22718  per  minute. 
>t  >>  9*00    ,,       „  '55223    ,,        „ 

>i  »p  '30    f,      ,,  '01841     „         ,, 

•04    „       „  -00245    „        „ 


„  „         29-84    „      „        1-80027    „ 

The  discharge  found  experimentally  by  Mr.  Provis, 
for  a  tube  of  the  same  length,  bore,  and  head,  was 
1'745  cubic  foot  per  minute. 

If  the  coefficient  of  discharge  due  to  the  orifice  of 
entry  and  stop-cock  in  Mr.  Provis' s  208  experiments  * 
with  1^  inch  lead  pipes  of  20,  40,  60,  80,  and  100  feet 
lengths,  be  '715,  the  results  calculated  by  the  tables 
will  agree  with  the  experimental  results  with  very 
great  accuracy,  and  it  is  very  probable,  from  the 
circumstances  described,  that  the  ordinary  coefficient 
•815  due  .to  the  entry  was  reduced  by  the  circum- 
stances of  the  stop-cock  and  fixing  to  about  *715; 
but  even  with  *816  for  the  coefficient,  the  difference 
between  calculation  and  experiment  is  not  much,  the 
calculation  being  then  in  excess  in  every  experiment, 
the  average  being  about  5  per  cent.,  and  not  so  much 
in  the  example  we  have  given. 

Table  VIII.  gives  the  velocity,  and  thence  the 
discharge,  immediately,  for  long  pipes,  and  Table  X. 

*  Transactions  of  the  Institution  of  Ciril  Engineers,  yoL  ii.  pp. 
201,  210, 
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enables  us  to  calculate  the  cubic  feet  discharged  per 
minute,  with  great  facility.  For  rivers,  the  mean 
velocity,  and  thence  the  discharge,  is  also  found  with 
quickness.  See  also  Tables  XI.,  XU.,  and  XIU., 
and  the  Tables  at  pp.  28  and  29. 

Example  IX.  A  watercourse  is  7  feet  wide  at  the 
bottom^  the  length  of  each  sloping  side  is  6*8  feet,  the 
width  at  the  surface  is  18  feet,  the  depth  4  feet,  and  the 
inclination  of  the  surface  4  inches  in  a  mile ;  whxt  is 
the  quantity  flowing  down  per  minute  ? 

Here  ^^^  +  7)  x  -  ^  »     ^  2-4272  feet  =  29'126 
7  +  2x6-8        »•« 

inches  =  r,  is  the  hydraulic  mean  depth ;  and  as  the 

fall  is  4  inches  per  mile,  at  the  11th  page  of  Table 

Vin.,  the  velocity  v  =  12*08  -  '16  =  11*87  inches 

per  second ;  the  discharge  in  cubic  feet  per  minute  is, 

therefore, 

60  X  *i^  X  60  =  2967-5. 
If  94-17  VT«  =  V,  then  v  =  94*17  \/ 24:27  + 
=  94-17  X     /-^  =  ^=  1-17  feet  =  1404  inches. 

V    6828  807 

Watt,  in  a  canal  of  the  fall  and  dimensions  here  given, 
found  the  mean  velocity  about  18|^  inches  per  second. 
This  corresponds  to  a  fall  of  6  inches  in  the  mile, 
according  to  the  formula.  Du  Buat's  formula  is  less 
by  12|^  per  cent,  or  ^th;  the  common  formula  too 
much  by  6  per  cent 

In  one  of  the  original  experiments  with  which  the 
formula  was  tested  on  the  canal  of  Jard,  the  measure- 
ments accorded  very  nearly  with  those  in  this  example, 

F  2 


16840 
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viz.  ~  =  15360,  and  r  =  29*1  French  inches :    the 

observed  velocity  at  the  surface  was  15*74,  and  the 
calculated  mean  velocity,  from  the  formula,  11*61 
French  inches.*  Table  VII.  will  give  12*29  inches 
for  the  mean  velocity,  corresponding  to  a  superficial 
velocity  of  15*74  inches.  This  shows  that  the  formula 
also  gives  too  small  a  value  for  v  in  this  case,  by  about 

i^^th  of  the  result,  it  being  about  —  part  in  the  other. 

The  probable  error  in  the  formula  applied  to  straight 
clear  rivers  of  about  2  feet  6  inches  hydraulic  mean 
depth  is  nearly  x^ih  or  8  per  cent,  of  the  tabulated 
velocity,  and  this  must  be  added  for  the  more  correct 
result ;  the  watercourse  being  supposed  straight  and 
free  from  aquatic  plants. 

Notwithstanding  the  differences  above  remarked 
on,  the  results  of  this  formula,  as  calculated  and 
tabulated,  may  be  pretty  safely  relied  on  when  applied 
to  general  practical  purposes.  Many  of  the  others 
which  we  shall  proceed  to  lay  before  our  readers  are 
more  partial  in  their  application.  Eivers  or  water- 
courses are  seldom  straight  or  clear  from  weeds,  and 
even  if  the  sections,  during  any  improvements,  be 
made  uniform,  they  will  seldom  continue  so,  as  "  the 
regimen,'"  or  adaptation  of  the  velocit}^  to  the  tenacity 
of  the  banks,  must  vary  with  the  soil  and  bends  of  the 
channel,  and  can  seldom  continue  permanent  for  any 
length  of  time  unless  protected.  From  these  causes  a 
loss  of  velocity  takes  place,  difficult,  if  not  impossible, 

*  These  measures  reduced  to  inches,  give  r  =  31*014,  v  «  12*374  ; 
and  the  surface  velocity  16*775  inches;  reduced  for  mean  velocity 
13*101  inches. 
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to  estimate  accurately,  but  which  may  be  taken  at 
from  10  to  100  per  cent  of  that  in  the  clear  imob- 
structed  direct  channel ;  but  be  this  as  it  may,  it  is 
safer  to  calculate  the  drainage  or  mechanical  results 
obtainable  from  a  given  faU  and  river  channel,  from 
formula  which  give  lesser,  than  from,  those  which  give 
larger  velocities.  This  is  a  principle  engineers  cannot 
too  much  observe. 

It  was  before  remarked,  that  for  both  pipes  and 
rivers  the  coefficient  of  resistance  increases  as  the 
velocity  decreases.     This  is  as  much  as  to  say,  in  the 

simple  formula  for  the  velocity,  v  =  m  "V  r  s,  that  m 
must  increase  with  v,  and  as  some  function  of  it. 
This  is  the  ease  in  Table  VIII.,  throughout  which  the 

velocities  increase  faster  than   \/~r,  the  V  s,  or  the 

V  r  s.  In  all  formula  made  use  of  by  engineers,  but 
the  author's,  Weisbach's,    Du  Buat's   and  Young's, 

the  velocity  found  is  constant  when  y/  r  s  or  r  X  s  is 
constant.    In  Du  Buat's  formula  for  r  x  s  constant, 

V  obtains  maximum  values  between  r  =  I  inch  and 
r  =  1  inch ;  the  differences  of  the  velocities  for 
different  values  of  r  above  1  inch,  r  x  s  being 
constant,  are  not  much.  The  maximum  value,  or 
nearly  so,  may  always  be  found  by  assuming  r  =  f  inch, 
and  finding  the  corresponding  inclination  from  the 

formula  — ^  ,  which  is  equal  to  it.     For  examplci  if 

o 

r  =  12  inches,  and  s  =  j— ,  the  velocity  is  found 
equal  9*52  inches;  but  when  r  s  is  constant,  the 
inclination  s   corresponding  to  r  =  J  inch  is 

^  °  *  Sx  10660 

=  ^  9  from  which,  is  found  from  the  table,  v  =  10*26 

660 
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inches,  for  the  maximum  velocityy  making  a  difference 
of  fully  7  per  cent. 

When  r  =  '01  of  an  inch,  or  a  pipe  is  ^th  part  of 
an  inch  in  diameter,  Du  Buat's  formula  fails,  but 
it  gives  correct  results  for  pipes  ^th  of  an  inch  in 
diameter,  and  two  of  the  experiments  from  which  it 
was  derived  were  made  with  pipes  12  inches  long  and 
only  -TT^  P<^  of  an  inch  in  diameter. 

Table  YIII.  is  extended  so  as  to  make  it  directly 
available  for  hydraulic  mean  depths,  from  -^Hi  of  an 
inch  to  12  feet,  and  for  various  hydraulic  inclinations, 
even  up  to  vertical,  for  pipes.  The  fall  in  rivers 
seldom  exceeds  2  or  8  feet  per  mile,  or  the  velocity  5 
or  6  feet  per  second.  The  extension  of  the  Table  for 
great  inclinations,  and  consequently  great  velocities, 
was  made  for  the  purposes  of  calculation,  and  to 
include  pipes.  It  must  be  understood  throughout 
this  Table  that  the  velocities  are  those  which  continue 
unchanged  for  any  length  of  channel,  viz.,  when  the 
resistance  of  friction  is  equal  to  the  acceleration  of 
gravity,  the  moving  water  and  channel  being  then 
in  train.  Several  of  Du  Bu&t's  experiments  were 
made  with  small  vertical  pipes.  This  Table  is 
equally  applicable  to  pipes  and  rivers,  and  gives 
directly,  either  the  hydraulic  inclination,  the  hydraulic 
mean  depth,  or  the  velocity  when  any  two  of  them 
are  known. 

The  mean  velocity  is  given  in  preference  to  the 
discharge  itself  in  Table  VIII.,  because,  while  an 
infinite  number  of  channels  having  the  same  hydraulic 
inclination  {s)  and  the  same  hydraulic  mean  depth  (r) 
must  have  the  same  velocity  (t?),  yet  the  sectional 
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areas,  and  consequently  the  discharges,  may  vary 
upwards  from  6'28S2r^y  the  area  of  a  semicircular 
channel,  to  any  extent ;  and  the  operation  of  multi- 
plying the  area  by  the  mean  velocity,  to  find  the 
discharge,  is  so  very  simple  that  any  tabulation  for 
that  purpose  is  unnecessary.  Besides  this,  the  banks 
of  rivers,  unless  artificially  protected,  remain  very 
seldom  at  a  constant  slope,  and  therefore  any  Tables 
of  discharge  for  particular  side  slopes  are  only  of  use 
so  far  as  they  apply  to  hypothetical  cases.  Indeed, 
in  new  river  cuts,  the  banks,  cut  first  to  a  given  slope, 
alter  very  considerably  in  a  few  months ;  while  the 
necessary  regimen  between  the  velocity  of  the  water 
and  the  channel  is  in  the  course  of  being  estabUshed. 
The  velocity  suited  to  the  permanency  of  any  proposed 
river  channel,  though  too  often  entirely  neglected,  is 
the  very  first  element  to  be  considered. 

Coulomb  having  shown  that  the  resistance  opposed 
to  a  disc  revolving  in  water  increases  as  the  function 
av  +  b  f?  oi  the  velocity  v,  we  may  assume  that  the 
height  due  to  the  resistance  of  friction  in  pipes  and 
rivers  is  also  of  this  form  ;  and  that 

(83.)  A,  =  (a  V  +  fc  i;»)   -, 

T 

and  consequently, 

(84.)    r  «  =  a  t;  +  6  ^?^  and  1?  =  I  -^*+  ^  j  —^-y. 

GiBARD  first  gave  values  to  the  coefficients  a  and  6. 
He  assumed  them  equal,  and  each  equal  to  '0003104 
for  measures  in  metres,  and  thence  the  velocity  ija 
canals, 
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(85.)        t?  =  (3221-016  r  s  +  -25)*  -  -5  ;  ♦ 

which  reduced  for  measures  in  English  feet  becomes 

.gg  (v  =  (10567^r  B  +  2-67)*  -  1-64,  or 

•^  1 1?  =  103  \/  r  «  —  1'64,  neai-ly. 

The  value  of  a  =  b  =  -0003104  was  obtained  by 
means  of  twelve  experiments  by  Du  Buat  and  Chezy. 
Of  course  the  value  is  four  times  this  in  the  original, 
as  the  mean  radius  is  used  in  all  the  formulae  instead 
of  the  diameter.  This  formula  is  only  suited  for  very 
small  velocities  in  canals,  between  locks,  containing 
aquatic  plants;  it  is  inapplicable  to  rivers  and 
channels  in  which  the  velocity  exceeds  an  inch  per 
second. 

Prony  foimd  from  thirty  experiments  on  canals, 
that  a  =  -000044450  and  b  =  '000309314,1  for  mea- 
sures in  metres,  from  which 

(87.)        V  =  (3232-96  rs  +  -00516)*  -  -0719  ; 
this  reduced  for  measures  in  English  feet  is, 

(v  =  (10607-0^ r 8  +  -0656)*  -  -236;  or 
^^^•^      1 1?  =  103  \/>  «  -  -24  nearly : 
the  velocities  did  not  exceed  3  feet  per  second  in  the 
experiments  from  which  this  was  derived.     See  also 
note,  p.  192. 

For  pipes,  Prony  found,  I  from  fifty-one  experiments 
made  by  Du  Buat,  Bossut,  and  Couplet,  with  pipes 
from  1  to  5  inches  in  diameter,  from  30  to  7,000  feet 
in  length,  and  one  pipe  19  inches  diameter  and  nearly 

*  See  Brewster^s  Encyclopedia,  Article  Hydrodynamics,  p.  259. 

t  Recherchea  Physico-Math^matiquea  sur  la  Th^rie  des  £anz 
Courantes. 

X  Recbercbes  Physico-Matb^matiques  sur  la  Th^orie  da  Mouvement 
des  Eaux  Courantes,  1804. 
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TABLE  of  the  ffty-one  ExperwherUs  referred  to  in  Equation  (89),  the 
value  of  g  in  the  stxth  being  taken  at  9*8088  metres. 

It  will  be  perceived  that  Prony  did  not  take  into  calculation,  in  fhtming  his 
formula,  the  head  due  to  the  velocity  in  the  pipe  and  to  the  orifice  of  entry. 
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Values  of 
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Experimental    , 

values  of 
the  velocity  v 
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Calculated       ' 
velocity  from 
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1 

Du  Bu&t 

•0041 

•0271 

19  95 

•000314 

•0430 

•0427 

2 

Couplet 

•1611 

•1353 

2280  ^37 

000404 

•0644 

•0591 

3 

Couplet 

•3068 

•IS'iS 

2280-87 

•000523 

•0854 

•09-21 

4 

Du  Boat 

•0135 

•0*2707 

19-95 

*000459 

'0980 

•0926 

5 

Couplet 

•4534 

•1333 

2280-37 

•000690 

•1117 

•1263 

6 

Couplet 

•5105 

•1833 

2280-37 

•000638 

•1301 

•1330 

7 

Couplet 

•6497 

•1333 

2280-37 

•000670 

-1411 

•14;J3 

8 

Couplet 

•6767 

•1333 

2280-37 

•000683 

-1441 

•1467 

9 

Du  fiuftt 

•0189 

•0271 

375 

•001426 

-2352 

•2895 

10 

D\i  BuAt 

•1137 

•0-271 

8-75 

•001138 

•2826 

•3088 

U 

Du  BuAt 

•1137 

•0271 

8  75 

•001309 

•2888 

-3088 

12 

Boeiiut 

•lu83 

•0271 

16-84 

■001337 

•8308 

•8359 

13 

Bosfiut 

•3248 

•0361 

58-47 

•001446 

•3400 

•3658 

14 

Dii  BuAt 

•1605 

•0^271 

19  95 

•001482 

-3604 

•3713 

15 

Ik>asut 

•3248 

•0361 

48  75 

•001549 

•3807 

-3915 

16 

Du  BuAt 

•2106 

•0271 

19^95 

•001713 

•4091 

•4287 

17 

Boesut 

•3248 

•0361 

88  98 

•001687 

•4366 

•4402 

18 

Du  BuAt 

•2425 

•0271 

19^5 

001830 

•4408 

-4618 

19 

Bo.^ut 

•3248 

•0644 

58-47 

•001672 

•4433 

•4416 

20 

Du  BuAt 

•2425 

•0271 

19-95 

•001793 

•4600 

•4618 

21 

Bossut 

•3248 

•0544 

48-73 

•001795 

•4955 

■4860 

22 

Bossut 

•6497 

•0361 

68-47 

-001922 

•6115 

•5122 

23 

Bossut 

•3248 

•0361 

29  28 

•001918 

•5128 

•5122 

24 

Du  BuAt 

•3335 

•0271 

19-95 

t)02050 

•5411 

6450 

25 

Bossut 

•3248 

•0544 

38-98 

•001981 

•5605 

'6468 

26 

Du  BuAt 

•3709 

•0271 

19-95 

•002174 

•6676 

•6766 

27 
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•6497 

•0361 
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•6693 

'6634 

28 

Du  BuAt 

•3952 

■0271 

19^95 

•002223 

•5916 

•6061 

29 
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•3248 

•0271 

26  24 
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•6032 

'6990 

SO 

Boesut 
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•6823 
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81 
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32 
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33 
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•6695 
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34 
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•6972 

S'i 
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3tf 
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•6416 

•0-271 
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•7761 

•7660 

37 
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•3248 

•0544 
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•002812 

•7908 

•7823 

88 

Du  BuAt 

•1624 

•0271 

3-75 

•003«'20 

•7948 

'8930 

SO 
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•«497 

•0644 

88-98 

•002656 

-8363 

'7819 

40 

Bossut 

•3248 

■0361 

974 

•003287 

•8976 

■9048 

41 

Bossut 

•65 

•0361 

19  40 

•003161 

-9832 

•9048 

42 

Bossut 

•65 

•0544 

29-23 

•003062 

•9681 

•9071 

43 

Couplet 

3  •9274 

4873 

116942 

•003785 

1-0600 

10592 

44 

Bossut 

•8248 

•0544 

9  74 

•004078 

1-0915 

11 164 

46 

Bossut 

•6497 

•0544 

19  49 

•008821 

11640 

1  1164 

46 

Boesut 
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•0361 

9  74 

•004491 

131S8 

1-2896 

47 

Du  BuAt 

•4873 

■0271 
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•006470 

15784 

17048 

48 

DuBuAt 

wn 

•0271 

8  76 

■006307 

16919 

1^6898 

49 

Bossut 

•6497 

•0544 

974 

•005578 

15945 

1-6890 

50 

Du  BuAt 

•7219 

•1'271 

817 

•007838 

1-9301 

2-0798 

51 

DuBuAt 

■9745 

•0271 

817 

•008882 

2*2994 

2-4205 
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4,000  feet  long,  that  a  =  -00001733,  and  h  =  -0003483, 
from  which  values 

(89.)     V  =  (2871-09  r«  +  -0006192)*  -  -0249, 
for  measures  in  metres,  and  for  measures  in  English 
feet, 

(90  )      I  ^^  ~  (9419-7^  8  +  -00665)*  -  -0816 ;  or 
•^      I  r  =  97  V  r  «  -  -08  nearly. 
Prony  also  gives  the  following  formula  applicable  to 
pipes  and  rivers.     It  is  derived  from  fifty-one  selected 
experiments   with  pipes,    and   thirty-one   with   open 
channels  : 

(91.)    V  =  (3041-47  rs  +  '0022065)*  -  -0469734,* 
for  measures  in  metres,  which,  reduced  for  measures 
in  English  feet,  is 

f?  =  (9978-76  r  «  +  -02375)*  -  -15412  ;  or 
100  VT«  —  -15  nearly. 
Eytelwein,  following  the  method  of  investigation 
pursued  previously  by  Prony,  found  from  a  large 
number  of  experiments,  a  =  "0000242651,  and  b  = 
-000365543  in  rivers,  for  measures  in  metres ;  and, 
therefore, 

(93.)        V  =  (2735-66  r  a  +  -001102)*  -  -0332.  + 
This  reduced  for  measures  in  English  feet,  is 

*  Recherches  Fhysico-lilath6matiques  sur  la  Th^orie  des  Eaoz  Cou- 
rantes.  A  reduction  of  this  formula  into  English  feet  is  given  at 
page  6,  Article  Hydrodynamics,  Encyclopedia  Britannica ;  at  page  164, 
Third  Report,  British  Association,  by  Rennie,  and  at  pages  427  and 
533,  Article  Hydrodynamics,  Brewster's  Encyclopaedia.    This  reduction 

V-  —  0-1541  +  (-02375  +  82806-6  r  a)*  is  entirely  incorrect ;  and 
being  the  same  in  each  of  those  works,  appears  to  have  been  copied 
one  from  the  other. 

t  M^moires  de  I'Acaddmie  de  Berlin,  1814  et  1815.  See  equation 
(110). 


(92.)     {IZ 
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'v  =  (8975-43  r  b  +  -0118858)^  -  '1089 ;    or 
(94.)  \^  ^^  ^^'^  VrT  ■"  *11  nearly,  or 

^  =  VvTfV-  -11  =  1-8  V77  -  -11 

when  /  is  the  fall  in  feet  per  mile.  He  also  shows,* 
that  -ff-ths  of  a  mean  proportional  between  the  fall  in 
two  English  miles  and  the  hydraulic  mean  depth,  gives 
the  mean  yelocity  very  nearly.  This  rule  for  measures 
in  inches  is  equivalent  to 
(95.)  V  =  824  \/TJl 

and  for  measures  in  feet 

(96.)  P  =  98-4  V7Z 

For  the  velocity  of  water  in  pipes  he  found,  +  from 

the  fifly-one  experiments  of  Du  Buat,  Bossut,  and 

Couplet,  that  a  =  "0000228,  and  b  =  '0002808,  from 

which  for  measures  in  metres, 

(97.)         V  =  (3567-29  r  a  +  -00167)*  -  '0397 ; 
which  reduced  for  measures  in  English  feet  becomes 

,  »  =  (11703-95  r  «  +  -01698)*  -  -1308;  or 
(98. 


-:: 


108  Vr  a  -  '18  nearly. 

Another  formula  given  by  Eytelwein  for  pipes,  which 
includes  the  head  due  to  the  velocity  for  the  orifice  of 
entry,  is  reducible  to 

*  Handbnch  der  Mechanik  and  der  Hydraolik,  Berlin,  1801. 
t  Memoires  de  rAcad^mie  des  Sciences  de  Berlin,  1814  et  1815. 
Eytelwein's  fonnula  is  »  «  90-8  VrTfor  Prussian  feet,  and  for  pipes 

^  = '-''  x/Wd- ''-'  yrSd  >  ^^_^'  ^'"^«^' 

afterwards  to  v  «  6-41  ^  /-^-t\  =  -*7»  *  /^  ,  A^-y  The  Prus- 

\^      l-¥bid  V^      i+54rf 

sian  foot  is  here  equal  to  1'0297  English  feet. 
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•'^j        • = ™  (7^50-.)  • 

nearly,  in  which  h  is  the  head,  I  the  length,  and  d 
the  diameter  of  the  pipe,  all  expressed  in  English 
feet.  This  is  a  particular  value  of  equation  (74)  suited 
to  velocities  of  about  2^  feet  per  second.  It  must  be 
here  mentioned,  that  much  of  the  valuable  information 
presented  by  Prony  and  Eytelwein  is  but  a  modifica- 
tion of  what  Du  Buat  had  previously  given,  and  to 
whom,  only,  for  much  that  is  attributed  to  the  two 
former,  we  are  primarily  indebted. 

In  the  foregoing  as  well  as  in  the  following  equa- 
tions for  the  velocity,  unless  otherwise  stated,  one 
class  of  standards  has  been  maintained.  It  is  evident, 
if  these  standards  be  changed  in  part,  or  in  whole,  that 
apparently  different  forms  of  the  equations  will  arise ; 
thus — if  for  By  the  hydraulic  inclination,  we  substitute 

— —    the  fall  m  in  feet  per  mile  is  then  used  in  place 
5280'  ^  ^ 

of  the  inclination  « ;  so  that  equation  (94),  for  instance, 

would  become 

V  =  (1-7  mr  -i-  •012)«  —  -11  =  (1-7  m  rf  —  "linearly, 
in  which  t?  is  the  velocity,  in  feet  per  second,  m  the 
fall  in  feet  per  mile,  and  r  the  "  hydrauUc  mean 
depth  "  in  feet.  In  like  manner  equation  (98)  would 
become 

V  =  (2-2  mr  -^  •02)«  —  "13  =  (2*2  m  r)«  —  "18. 
The  first  of  these  reductions,  viz. : — 

V  =  (1-7  mr  +  -0119)*  -  -109, 
is   given   in  a    book    of  tables   calculated  for  river 
channels  for  the   Commissioners  of  Public  Works, 
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Ireland,  the  original  equation  being  Eytelwein's,  and 
not  D'Aubuisson  s,  who  merely  copied  it.  It  is  suited 
for  velocities  averaging  about  1*8  foot  per  second. 
Again 

Mr.  Hawksley,  by  changing  the  form  of  an  old 
result,  gives  for  pipes  the  formula 

in  which  I  is  the  length  in  yards,  h  the  head  in  inches, 
d  the  diameter  in  inches,  and  t;  the  velocity  in  yards 
per  second.  For  uniform  feet  measures,  for,  t?,  d,  and 
H,  this  becomes 

which  is  only  an  alteration  in  form  of  Eytelwein's  equa- 
tion, note  to  (93).  Ejrtelwein's  equation  expressed  in 
the  measures  used  by  Mr.  Hawksley  would  be  very 
nearly 

''''-  ^\l  +  lid]    ' 
which  is  the  simpler  of  the  two ;  both,  however,  are 
but  particular  cases   of   the   general  equation   (74), 
and  only  suited  for  velocities  of*  about  2^  feet  per 
second. 

Dr.  Thomas  Young*  also  derives  his  formula  from 
the  supposition,  that  the  head  due  to  the  resistance  of 
friction  assumes  the  form  of  equation  (83) ;  calling  the 
diameter  of  a  pipe  d,  he  takes 

d 

*  Philosophical  Transactions  for  1808.  Young  also  translated  Eytel- 
wein's Handbuch. 
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and  the   whole  height  h  =  fc,  +— ^>  expressed  in 

586 

inches^  which  corresponds  with  a  coefficient  of  '871, 

nearly,  for  the  orifice  of  entry.     He  found  from  some 

experiments  of  his  own,  those  collected  by  Du  Bn&t, 

and  some  of  Gerstner's,  that 

(100.)  .  =  -0000002  { .J^. 
and 

(101.)  b = -0000001  j  413  +  ^  -:rrTS^-T^^  1  > 

^        '  Id      d+12-8    d+-355J 

then  as  — =  '00171,  the  value  of  the  velocity  becomes 

Hd 


(102.)    .=  {yj^ 


00171 d 

al 


\2bl  + '00341d/  j       : 


2bl  +  -00S41d 
When  the  length  I  of  the  pipe  is  very  great  com- 
pared with  the  head  dne  to  the  orifice  of  entrance  and 
velocity,  "00171  »*,  then 

or  by  substituting  for  j  its  value  8,  equal  the  sine  of 

V 

the  inclination, 

The  values  of  a  and  b  are  for  measures  in  inches. 
For  most  rivers  he  finds  for  French  inch  measures, 

V  =.  \/  20000  d  8,  in  which  d  must  be  taken  equal  4  r ; 
this  reduced  for  English  inches  is 
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(105.)  f?=292V^«; 

which  again  reduced  for  feet  measures,  becomes 

(106.)  V  =  84-8  y/TT; 

These  latter  values,  for  rivers,  are  even  smaller  than 
those  found  from  Du  Bu&t's  formula;  less  than  the 
observed  velocities,  and  less  than  those  found  from  any 
other  formula,  with  the  exception  of  Girard's.  The 
values  of  the  coefficients  a  and  b  vary  in  tliis  formula 
with  the  value  of  d  =  4  r  ;  they  are  expressed  generally 
in  equations  (101)  and  (102),  from  which  the  preceding 
table  for  different  values  of  d  and  r  has  been  calculated. 
An  examination  of  this  table  will  show  that  a 
obtains  a  minimum  value  when  d  is  between  10  and 
11  inches ;  and  b  when  the  diameter  is  between  ^  and 
f  of  an  inch.     Now,  it  appears  from  equation  (102), 

that  V  increases  with     /^d  nearly,   or,  which  is  the 

V    bl 

same  thing,  as  b  decreases,  there  must,  cceteris  paribus^ 

H  d 
be  a  maximum  value  of  v  for  a  given  value  of  ! 

V 

or  r  «,  when  d  is  between  J  and  |  inch ;  but  as 


26 

has  a  minimum  value  when  d  is  nearly  12  inches, 
the  maximum  value  of  v  referred  to  will  be  found 
between  values  of  d  from  \  inch  to  12  inches  ;  in 
fact,  when  d  =  10  inches  nearly.  A  similar 
peculiarity  has  already  been  pointed  out  in  Du 
Bu&t's  general  theorem,  at  page  218.    It  will  not  be 

neceisary  to  take  out  the  values  of  ---  and   -to  more 

2  6  4  i* 

than  one  place  of  decimals. 


'=U 
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The  values  of  ^-=-  are  also  given  in  the  table,  and 

may  be  used  in  equation  (104)  for  finding  the  discharge 
from  long  pipes.  It  is,  however,  necessary  to  remark, 
that  this  equation  is  sometimes  misapplied  in  finding 
the  velocity  from  short  pipes,  and  those  of  moderate 
lengths.  It  is  necessary  to  use  equation  (102),  which 
takes  into  consideration  the  head  due  to  the  velocity 
and  orifice  of  entry  for  such  pipes. 

For  a  pipe  11  inches  in  diameter,  the  expression  for 
the  velocity,  equation  (104),  becomes  for  inch  measures, 

^  ^     -4-  1'49  ^   —  1-22  • 
•000034  ^  ^  *^  j         ^  ^^  • 

and  for  feet  measures,  also  substituting  4  r  for  d^ 

(106a.)    V  =  [  -K^^  I  *-  -1  =  100  (r  «)*  -  -1 
^  '  ( -000102 j  ^     ^ 

very  nearly.     For  a  pipe  "7  inch  in  diameter  would  be 

found  in  a  like  manner  for  feet  measures, 

(106b.)  t;  =  118  (r  «)*  -  -5, 

which  is  only  suitable  for  very  high  velocities. 

Sib  John  Leslie  states,*  that  the  mean  velocity  of 
a  river  in  miles  per  hour,  is  -H-ths  of  the  mean  propor- 
tional between  the  hydraulic  mean  depth  and  the  fall 
in  two  miles  in  feet.  This  rule  is  equivalent,  for 
measures  in  feet,  to 

(107.)  V  =  100  V77) 

and  is  applicable  to  rivers  with  velocities  of  about  2^ 

feet  per  second. 

D'AuBUissoN,  from  an  examination  of  the  results 
obtained  by  Prony  and  Eytelwein,  assumes!  for  mea- 

•  Natural  PhUosopliy,  p.  428» 
+  TniU  d*Hydraaliqae,  p.  22^ 
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sures  in  metres  that  a  =  -OOOOISQ,  and  6  =  -0003425 
for  pipes,  substituting  these  in  equation  (84)  and 
resolving  the  quadratic 

(108.)    V  -  (2919-71  T  B  +  -00074)*  -  "027  ; 

which  reduced  for  measures  in  English  feet  becomes 

(109  )     I  ^  ~  (9579^  +  -00818)*  -  -0902,  or 
^      "^     I !?  =  98  V  r  «  —  -1  nearly. 
For  rivers  he  assumes  with  Eytelwein,*  a  =-000024123 
and  h  =  '0008655,  for  measures  in  metres,  and  hence 

(110.)      V  =  (2735-98  r  a  +  '0011)*  -  -088 ; 
which  for  measures  in  English  feet  is 

(111.)      I  ^  "=  (8976-5  r  s  +  -012)*  -  -109,  or 

\v  =  94-5  \/Ts  —  -11  nearly. 
When  the  velocity  exceeds  two  feet  per  second,  he  as- 
sumes, from  the  experiments  of  Couplet,  a  =  0,  and 
6  =  -00085875 ;  these  values  give 
(112.)  v  =  V  2787-46  r  s, 

for  measures  in  metres,  and 

(118.)  V  =  95-6  s/Ts  =  V~9U5  r  s 

for  measures  in  English  feet.  Equations  (110)  and 
(111)  are  the  same  as  (98)  and  (94),  found  from  Eytel- 
wein's  values  of  a  and  b,  and  it  may  be  remarked  that 
D'Aubuisson's  equations  for  the  velocity  generally,  are 
simply  those  of  Prony  and  Eytelwein. 

The  values  which  are  found  to  agree  best  with  the 
general  run  of  experiments  on  clear  straight  rivers  of 
uniform  section  are  a  =  -0000085,  and  b  =  -0001150 
for  measures  in  English  feet,  from  which  we  find 

(114  )     -1  *^  "  (8695^  8  =  -00028)*  -  -0152,  or 
^       ''     U=:98\/r«  —  -02, 

•  Trait6  d'Hydraulique,  p.  188.    See  Equation  (93>. 
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which  for  an  average  velocity  of  1^  foot  per  second  will 
give  f?  =  92'8  V  r  8  nearly,  and  for  larger  velocities 
f?  =  98*8  V  r  « ;  for  smaller  velocities  than  1^  foot  per 
second,  the  coefficients  of  V  r  «  decrease  pretty  rapidly. 
This  formuk  wiU  be  found  to  agree  more  accurately 
with  observation  and  experiment  than  any  other  of  this 
form.* 

Weisbach  is  perhaps  the  only  writer  who  has  modi- 
fied the  form  of  the  equation  rB=^av  +  hf?.  In 
Dr.  Young's  formula,  a  and  i  vary  with  r,  but  Weisbach 

assumes  that  A#  =  ( a  +  -7 1  -  X  ^r — ,  and   finds    firom 

\        vhf  a       2  g 

the  fifty-one  experiments  of  Couplet,  Bossut,  and  Du 

Buat,  before  referred  to,  one  experiment  by  Guemard, 

and  eleven  by  himself,  all  with  pipes  varying  from  an 

inch  to  five  and  a  half  inches  in  diameter,  and  with 

velocities  varying  from  1^  inch  to  15  feet  per  second, 

that  a  =  '01489,  and  b  =  "0094711  for  measures  in 

metres ;  hence  for  the  metrical  standard 

0094711\  I  ^    ^ 


(.15.,         H,  =  (-01489  +  -SO^p)  i    ^  ^ 

This  reduced  for  the  mean  radios  r  is 

(116.)  h,  =  (-003597  +  '^^)  i  X  /- ; 


*  In  a  stream  (the  Maddock),  with  a  cuired  channel,  jagged  and 
irregular  banks,  yaiiable  depths  averaging  about  1  foot,  aquatic  plants 
growing  on  the  bed,  varying  velocity,  and  an  average  cross  section  of 
about  16*50  feet,  the  flow  was  only  18  cubic  feet  per  second,  the  for- 
mula giving  85  cubic  feet.  In  such  cases  the  application  of  a  formula 
investigated  for  a  uniform  channel  and  a  uniform  slope  is  inadmissible  ; 
yet  we  have  heard  evidence  in  the  Four  Courts,  Dublin,  founded  on 
such  mistaken  applications.    See  note,  p.  192. 

Q  2 
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from  which  for  measures  in  En<:lish  feet 


o- 


(117.)  ft,  =  (• 


008697  +  :5?42887\  I  ^  ± 


and  thence 

(118.)  r»  =  (-003697 +  :50^)^^^; 

and  by  substituting  for  2  g^  its  value  64*408, 
(119.)  r  a  =  (-00005586  +  '00006659^^ 

In  equation  (117),  (-008597  +  :22^[|§§Z\  =  c,  is  the 

coefficient  of  the  head  due  to  friction.  The  equation 
does  not  admit  of  a  direct  solution,  but  the  coefficient 
should  be  first  determined  for  different  values  of  the 
velocity  v  and  tabulated,  after  which  the  true  value  of 
f>  can  be  determined  by  finding  an  approximate  value, 
and  thence  taking  out  the  corresponding  coefficient 
from  the  table,  which  does  not  vary  to  any  considerable 
extent  for  small  changes  of  velocity.  In  the  following 
small  table  the  author  has  calculated  the  coefficients  of 
friction,  and  also  those  of  t:*,  in  equation  (119),  for 
different  values  of  the  velocity  v. 
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TABLE  OP  THE  COEFFIOIEXTS  OF  FRICTION  IN  PIPES. 


city 
oet. 

Cf 

64-4 

Ls* 

H 

«f 

64  4 

Ls*^ 

15 

«f 

64*4 

«f 

> 

«f 

64-4 

«r 

*> 

•1 

•0171&9 

0002664 

8078  07 

56-5 

2-4 

006365 

•0000988 

10121-5 

100-5 

*2 

•0131«« 

•0002047 

4885-2 

69-9 

2^5 

•006309 

•0000979 

10214-5 

101^0 

•3 

•011427 

•0001774 

6636-9 

76-08 

2-6 

•006257 

•0000972 

10*288-1 

101-4 

•4 

■010378 

-0001611 

6270-3 

78-8 

2'7 

-006207 

•0000964 

10373  4 

101-8 

•5 

000662 

•0001500 

6666-6 

81-6 

2-8 

•006160 

•0000956 

10460-2 

102  2 

•6 

'009188 

■0001418 

7052-2 

84-0 

2-9 

•006115 

-0000949 

10537-4 

102-6 

•7 

*00872d 

•0001S54 

7385  5 

85-9 

3- 

•006073 

-0000943 

10604-4 

102-9 

•8 

•008391 

•0001803 

7674  ■« 

87-6 

Z5 

•005890 

•0000914 

10940  9 

104-6 

•9 

•008117 

■0001260 

7936-5 

89-1 

4- 

•006741 

•0000891 

11223-3 

106-9 

1-0 

•007886 

•0001224 

8169-2 

90-4 

5- 

•005514 

•0000856 

11682-2 

108-0 

1-1 

•007686 

■0001193 

8382-2 

91^6 

6- 

•005348 

•0000830 

12048-2 

109  7 

1-2 

•007512 

•0001166 

8576-3 

92-6 

1' 

•006218 

•0000810 

12345-6 

1111 

1-25 

-007433 

•0001154 

86655 

98-1 

8- 

-006113 

•0000794 

12632-2 

112-4 

1-3 

*007358 

•0001142 

8756-5 

93-5 

9^ 

-005U26 

•0000780 

12820-5 

113  3 

1-4 

•007221 

•0001121 

8920  6 

94-4 

10- 

-004963 

-0000769 

13003-9 

114-0 

1-5 

•007098 

■0001102 

9074-4 

95-2 

15^ 

-004704 

-0000730 

13698-6 

117-0 

1-6 

•006987 

-0001085 

9216-5 

96-0 

16- 

•004669 

•0000725 

13793-1 

117-4 

1-7 

-006886 

•0001069 

9354^5 

96  7 

20* 

•004566 

-0000707 

14144-2 

1189 

1-75 

•006839 

•0001062 

9416-2 

97  03 

26- 

•004455 

•0000691 

14471-7 

120  3 

1-8 

•006794 

•0001054 

9487-6 

97^4 

30^ 

004380 

•0000680 

14705-9 

121^2 

l-« 

-006715 

•0001042 

9596-9 

97^9 

35- 

•004322 

•0000671 

14903-1 

122  0 

2- 

•006629 

•0001029 

9718-2 

98-5 

40- 

•004275 

-0000664 

16060-2 

122-7 

2-1 

•006556 

•0001018 

9823-2 

99-1 

45^ 

•004SS6 

-0000658 

16197-5 

128-3 

2-2 

•006488 

•0001007 

9930-5 

99-6 

50- 

-004203 

•0000653 

16313-8 

123-7 

2-3 

■006424 

•0000997 

10003- 

100-   100- 

II 

-004200 

■0000625 

16000-0 

126  4 

If  the  value  of 


64-4 


here  found,  be  substituted  in  the 


equation  v  =     /  r  8,  we  shall  have  the  value  of 

V.  According  to  this  table  the  coefficient  of  friction 
for  a  velocity  of  six  inches  is  more  than  twice  that  for 
a  velocity  of  twenty  feet,  and  the  velocity  is  less  in  the 

proportion  of  81-6  to  118-9,  or  of  81*6  (r«)*  to  118-9 

(r  sy.  On  comparing  these  coefficients  and  those  for 
pipes  in  the  preceding  formulae,  with  those  for  rivers 
of  the  same  hydraulic  depth,  it  will  be  perceived  that 
the  loss  from  friction  is  greatest  in  the  latter;  as  might 
have  been  anticipated ;  but  this  evidently  arises  from 
lesser  velocities. 
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It  has  been  remarked  that  the  coefficient  of  friction 
decreases  as  the  velocity  increases.  The  only  general 
formula  which  properly  meets  this  defect  in  the  com- 
mon formulsB  is  Weisbach's,  but  it  does  not  give  the 
velocity  v  directly,  as  this  quantity  is  involved  in  both 
sides  of  his  equation.  As  for  several  hydraulic  works 
it  is  necessary  to  convey  water  through  pipes  to  work 
machines  under  high  heads,  and  for  which  the  common 
formula  would  give  results  considerably  under  the  true 
ones,  it  appeared  to  the  author  desirable  to  obtain  some 
simple  expression  for  the  velocity  which  might  be  easily 
remembered  and  applied,  which  would  be  equally  cor- 
rect with  other  formulse  for  medium  velocities  of  from 
one  to  two  and  a  half  feet,  and  which  at  the  same  time 
would  give  practically  correct  results  for  lesser  and 
greater  velocities  within  the  limits  of  experiment.  By 
reducing  the  velocity  found  from  experiment  to  the 

form  f  —  m  V  r  a  for  every  case,  and  afterwards  ap- 

pl}dng  a  correction  of  the  form  n\/  r  8  to  meet  the 
increasing  value  of  m  as  t?  increased,  the  following  ex- 
pression was  discovered : — 

(119a)  V  =  140  (r«)*  -  11  (r«)* 

which  gives  results  not  differing  more  from  experiments 
than  these  frequently  do  from  each  other.  The  follow- 
ing table  exhibits  the  velocities  compared  with  those 
obtained  from  the  experiments  made  by  Du  Buat, 
Couplet,  Watt,  Mr.  Provis,  and  Mr.  Leslie,  in  the 
Minutes  of  the  Institution  of  Civil  Engineers  for  Feb- 
ruary 1855.  The  last  experiment  was  furnished  by 
Mr.  Hodson  of  Lincoln.  Numbers  84  and  86  were 
made  as  stated,  and  give  the  mean  results  of  several 
exi^eriments  made  with  great  care ;   the  coefficient  of 
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TABLE  shomTyg  the  BxperimerUcU  Results  of  observed  VelocUus  in  W(Uer 
Channels,  with  the  Author's  general  formula  for  Pipes  and  Rivers  (119a)  viz. 

t>=140(rs)*-ll(rs)*.* 


d 
1 

Heads 

in 

feet  (H). 

Lengths 
in  feet  {ly 

Values 
of »-. 

Values 
of  & 

Values 
of  rs. 

Velocitiee 
from 
experiment. 

VelociUes 
from  the 
formula. 

».9  1 

b\\t 

Experimen- 
ters Names. 

•08338 

1086^ 

-062083 

•000076 

•00000396 

•100 

•105 

52  6>/r7 

Mr.  LesUe 

2 

•013:32 

65-37 

•022204 

■000196 

•00000434 

•140 

-118 

64-0    „ 

Couplet 
Mr.  Leslie 

3 

-14583 

1086- 

•052083 

•000183 

•00000693 

•118 

•157 

60'0    ,. 

4 

•49586 

7482- 

-111000 

•000066 

•00000134 

•178 

•167 

61-5    „ 

Couplet 
Mr.  Leslie 

5        -208331 

1086- 

•052083 

-000190 

•0O0OWI89 

-217 

•206 

65-0    „ 

6 

•46833 

1086- 

•052083 

-000417 

•00002170 

•861 

•845 

741    „ 

t> 

7 

1-48768 

7482- 

•111000 

■000198 

•00002220 

•366 

•348 

741    „ 

Couplet 
Mr.LosUe 

8 

1*44800 

1086- 

•052083 

•001821 

•0000688 

•715 

•711 

86-7    „ 

y,     2-78125 

1086- 

•052083 

-002538 

•00013-22 

1-085 

1-060 

91-3    „ 

i» 

10|        „ 

>i 

2-427200 

•000063 

•0001o32 

1166 

1-143 

92-4    „ 

Watt 

111     -soooo 

100- 

-031250 

•004741 

•00014S2 

1^023 

11-22 

92-2    „ 

Mr.  Provis 

12,     2-78125 

1086- 

•062083 

004348 

-0002265 

1-461 

1-488 

95-5    „ 

Mr.  LesUe 

13 

4-76042 

1086- 

•052083 

-006410 

•0003340 

1-725 

1-796 

98-3    „ 

II 

14 

1-06580 

1279 

•044680 

•007748 

0003458 

1-839 

1-840 

98-9    „ 

Bossut 

15 

'50000 

40- 

•081250 

•010810 

•0003378 

1-711 

1-816 

98-7    „ 

Mr.  Provia 

10 

106580 

95-92 

•044630 

-010050 

-0004485 

2111 

2  124 

100-3    „ 

Bossut 

17 

1-5 

100- 

-031250 

-014156 

0004422 

2005 

2  103 

100-5    „ 

Mr.  Provis 

18 

9-9896 

1086- 

-052083 

•009174 

•0004779 

2095 

2185 

100-6    „ 

Mr.  Ticslie 

1J> 

•8575 

40- 

-031250 

-018042 

•0005638 

2-380 

2414 

101-7    „ 

Mr.  PtotIs 

'20 

21316 

191-9 

•044630 

010548 

'0004708 

2-463 

2-183 

100-6    „ 

Bossut 

21 

2  1316 

159-9 

•044630 

-012524 

■00055S9 

2-440 

2-404 

101-7    ., 

it 

22 

ty 

•> 

•052083 

•014286 

•0007440 

2-800 

2-8-23 

103-6    „ 

Mr.  LesUe 

•23 

21316 

127-9 

•044630 

•015350 

-0006851 

2-744 

2-696 

103  0    „ 

Bossut 

24 

•• 

ty 

•044630 

•027921 

•0012465 

8819 

3-760 

106-6    „ 

Mr.  f^e 

251     ;, 

yt 

•052083 

•025000 

-0013021 

3-783 

3-852 

1067    „ 

261     8-27416 

40- 

•031250 

•018040  •002093 

5054 

6  006 

109-8    „ 

Mr.  Provis 

27 1     2-8684 

10-39155 

•022204 

•133689 

-0029679 

6-322 

0-048 

1110    ,. 

DuBuAt 

28,     3-27416 

20- 

•031250 

•111200 

-0034750 

6-723 

6-572 

111-6    „ 

Mr.  Provis 

2i> 

3^4525 

20- 

•031250 

•113900 

•0085594 

7-086 

6-668 

lU-9    „ 

>i 

:iO 

7135 

62-8822 

•029605 

•098861 

•0029268 

6-157 

5-999 

110-9    ,. 

Couplet 

31 

14-270 

125-7644 

-029605 

•106151 

•0031426 

6151 

6-239 

111-8    „ 

«i 

82 

21-405 

188-6466 

•029605 

•108579 

•00321455 

6145 

6-316 

1114    „ 

i> 

3i|     3-1974 

10-39165 

-022204 

•176991 

-0039292 

7-644 

7  039 

112-3    „ 

DuBuAt 

'34 

11-125 

9-292 

•021250 

•713000!  •01615125'l4-583 

14-513 

117-9    .. 

Mr.  Neville 

.^^ 

20-8 

19-2 

•021250'   -8140001-01729750  15667 

16-617 1118-4    ., 

>• 

36 

150- 

1 

100- 

-020833  1-400000 

1 

-0291667 

21-7 

•206 

120-3^— 

Mr.  Hodson 

*  The  fonii  in  which  this  formula  was  first  found  was  as  follows  : — 

J  10;6  .  

r  =   j  140  —  /*.  .\*  (    ^  V  r  «.     For  tneasnres  in  metres  it  becomes 

77-8(rs)*  — 4-9(rsA 
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the  orifice  of  entry  was  found  to  be  'SGO.*  The  mea- 
sures have  been  all  reduced  to  English  feet.  The 
results  found  by  the  same  experimenters,  at  the  same 
time,  with  the  same  apparatus,  sometimes  differ  by 
three  or  four  per  cent.,  as  may  be  seen  by  referring  to 
Mr.  Frovis'  experiments  (Transactions  of  the  Institu- 
tion of  Civil  Engineers,  vol.  n.,  p.  208),  and  the  differ- 
ence in  the  experiments  shown  in  the  table  are  apparent. 
The  difference  in  the  velocities  found  from  the  experi- 
mentSy  do  not  exceed  those  inseparable  from  practical 
investigations,  and  they  differ  as  much  in  themselves 
as  from  the  formula,  which  for  cylindrical  pipes  of 
diameter  d  may  be  thus  expressed, 

(119b  )        I  «^  =  70  (d  «)*  -  6-98  (d  «)*,  or 
1 1?  =  70  id  «)*  -  7  (d  «)*  nearly. 
The  expression  fidls  when  70  (d  «)*  is  equal  to  or 
less  than  6*98  (d  a)%  but  as  this  only  happens  when 

rs  =  f  ^  j  =  -000000285,  and  for  velocities  below  one 

inch  per  second,  its  practical  value  is  not  thereby  af- 
fected. The  expression  of  Du  Buat  fails  with  a  tube 
of  one  twenty-fifth  part  of  an  inch  in  diameter,  no 
matter  what  the  head  may  be,  as  it  then  makes  the 
velocity  equal  to  nothing,  although  some  of  the  experi- 
ments from  which  it  was  derived  were  made  with  tubes 
but  the  eighteenth  part  of  an  inch  diameter.  The  fol- 
lowing expression  is  free  from  this  defect : 

(119  c.)  r  =  60  (r  a)*  +  120  (r  «)*, 

*  The  coefficient  for  the  orifice  of  entry  was  found  by  catting  off  the 
pipe  at  two  diameters  from  the  cistern  at  the  conclusion  of  the  experi- 
ments, and  finding  the  time  of  emptying.     Vide  p.  172. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS,  233 

and  will  give  results  approximating  very  closely  to 
those  found  from  Du  Bu&t's  formula,  and,  therefore, 
with  those  experiments  with  which  it  most  nearly 
coincides,  but  agreeing  much  more  closely  with  Watt's 
and  other  experiments,  on  rivers.  It  gives  higher 
results  than  the  previous  formula  for  velocities  below 
six  inches,  but  the  results  found  by  different  experi- 
menters differ  very  much  in  those.  For  higher  velo- 
cities it  appears  to  differ  occasionally  only  about  one- 
twentieth  from  observation,  being  in  general  less,  as 
far  as  twenty  feet  per  second,  where  it  coincides  very 
closely  with  Mr.  Hodson's  experiment.  As  the  errors 
appear  to  be  of  an  opposite  kind  generally,  in  the  two 
last  expressions,  combining  them  is  found 

(119  D.)  V  =  100  (r«)*  +  60  (r«)*  -  5-6  (ra)*, 
an  expression  which,  however,  wants  simplicity  for 
ready  practical  application.  When  the  length  of  the 
pipe  does  not  exceed  from  1000  to  2000  diameters,  a 
correction  is  due  to  the  velocity  in  it,  and  to  the  orifice 
of  entry  before  finding  the  "hydraulic  inclination"  (8). 
The  coefficient  used  in  reducing  the  foregoing  experi- 
ments for  the  orifice  of  entry  was  '815,  which  gives 

1*508   ^ —  for  the  height  due  to  the  joint  effects  of 
^  g 

velocity  and  orifice.  This  must  be  deducted  from  the 
head  (h)  before  dividing  it  by  the  length  (Z)  to  find  the 
inclination  («)  in  our  table. 

The  following  table,  calculated  from  the  formula 

(119  a),  V  =  140  (rsy  —  11  (r«)»,  gives  the  corres- 
ponding values  of  r  8  and  v,  so  that  when  one  is  known 
the  other  is  immediately  found  from  inspection.  Thus, 
if  r  «  =  '08125,  tlien  we  shall  have 
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TABLE  for  finding  the  Velocity  in  feet  per  second,  from  the  product  of 
Die  hydratdic  mean  depths  and  hydraulic  inclinations,  and  the  reverse 

calculated  from  the  Author's  formula  v  =  140  (rs)^  —  11  (r»)*,  in 
which  r,  8,  and  v  are  feet  measures. 


Values  of 

Velo- 

' Values  of 

Velo-    I 

Values  of 

Velo- 

Values of 

Velo- 

r». 

city  r. 

;      r». 

dtyr.  ' 

n. 

city  r. 

rg. 

city*. 

•00000206 

•083 

•0001802 

1-04 

•000689 

2-70 

•003559 

667 

•00000332 

•091 

0001322 

1-06 

•000710 

2  75 

•003599 

671 

•0O0O0395 

•104 

-0001420 

109 

•000744 

2-88 

•003630 

6-74 

•00000427 

•111 

•0001482 

112    ' 

•000768 

2-85 

•003788 

6-90 

•0000054S 

•183 

•0001532 

114    ' 

•000789 

2^1 

•003929 

7-04 

•00000592 

-142 

•0001578 

116 

•000805 

294 

•003946 

706 

-00000690 

•158 

•0001610 

117 

•000833 

300 

•003977 

7-08 

•00000734 

•167 

•0001667 

119 

•600852 

3  04 

■004104 

7-20 

•00000947 

-198 

•0001736 

1^*>1 

•ooowo 

8-13 

-004167 

7-27 

•00000989 

•206 

1    0001776 

124 

-000947 

3-22 

-004356 

7-44 

•00001184 

•231 

'0001815 

1-26 

•001042 

3-40 

-004540 

7-62 

•00001268 

•241 

•0001894 

130 

■001105 

3-51 

•004630 

7-69 

•00001420 

•261 

'0002052 

135 

•001186 

8-67 

•004785 

7-78 

•00001578 

•280 

•0002131 

138 

-001231 

3  73 

•005556 

849 

•00001677 

-292 

•0002265 

1-43 

•001246 

3-76 

•006944 

961 

•00001894 

-316 

•0002867 

1-47 

•001263 

3-78 

•007576 

10-0 

•00001973 

-325 

'0002552 

1-60 

•001302 

3-85 

•008383 

10-6 

•00002170 

•345 

•0002604 

1-55 

•001326 

3-89 

•009*259 

HI 

•00002367 

•865 

•0002652 

1-57 

•001420 

4-04 

010417 

11-8 

•0000-2565 

•885 

•0002778 

161 

•001515 

418 

•011905 

127 

•00002^1 

•411 

•0002841 

16S 

•001676 

4^28 

1     013889 
•015151 

13-8 

•00008255 

-448 

•0003030 

1-69 

•001610 

4-32 

14-5 

•00003354 

•457 

•0003157 

1-73 

•001667 

4-41     1 

•016667 

15-3 

-00008551 

•478 

•0003220 

1-76 

•001706 

446     ' 

•017297 

15-6 

■00003748 

•489 

•0003314 

1^79 

•001735 

451     , 

■020833 

171 

•00003946 

•505 

•0003378 

1-80 

■001799 

460 

1    -027778 

20-2 

•00004143 

•521 

•0003409 

1^81 

•001894 

4-73     ' 

•029167 

20-6 

•00004340 

•536 

•0003551 

1-85 

•001089 

4-87 

041666 

24  7 

'0000463*2 

-658 

•0003630 

1-89 

■002052 

4^94     , 

•055556 

288 

-00006130 

-694 

0003706 

1-90 

•002083 

4-98 

•062500 

80-6 

•00006327 

•608 

1   •0003788 

1-92 

-002093 

5  00 

•072916 

33  2 

•00005524 

•622 

•0003946 

198 

•002178 

610 

•083333 

356 

•00005919 

•648 

•0004022 

110 

■002210 

6-14 

•104167 

40^0 

•00006314 

•674 

•0004103 

2  02 

•0(12273 

5-22 

•126 

43-9 

•00006708 

•699 

•0004261 

2  06 

•002375 

6-35 

•145583 

47-6 

•0000688 

•711 

•0004419 

210 

•002462 

6-46 

•166667 

61  •! 

•00007102 

•724 

0004485 

212 

•002533 

6  ■63     , 

•208333 

67 -S 

•00007r'94 

-780 

•0004546 

2  14    1 

•002652 

668     1 

•    -229167 

602 

•00008049 

•781 

•0004708 

2  18 

•002683 

5  72 

■250000 

63  0 

•00008523 

•808 

•0004735 

218 

•002841 

5  90 

•270833 

65  T 

•000086S1 

•828 

•0004893 

2-23 

•002968 

6  05 

•312500 

70-7 

•00009270 

•849 

•0005051 

2  27 

•002999 

6  08 

•838838 

73  2 

•00009470 

•861 

•0005208 

231 

•003030 

611 

•354167 

75-5 

•00010259 

•903 

•0005303 

238 

•003143 

6  23 

1    -376000 

777 

•00010654 

•923 

•0005638 

2-41 

•003167 

6-25 

•395833 

80  0 

-00011048 

•945 

•0006061 

9-62 

•003214 

6-31 

-41«667 

82  1 

•00011364 

•960 

■0006155 

264    1 

•003220 

632 

•437600 

84'S 

-00011837 

•983 

•0C06318 

267    ' 

•003314 

6-42 

•468333 

8«'2 

•00012232 

1^00 

,    0006440 

2  60 

•003409 

6-51 

•479166 

88-3 

•0001-2627 

1-02 

'    ^0006629 

1 

2-64 

•003476 

668    ' 

•500000 

90*2 
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V  =  20-6      when     rs  =  -029167 

V  =  24-7      when     r  «  =  '041666 


Difference    4*1  corresponds  to  '012499 

•03125 
'02917 


Difference  '00208 
Whence  '0126  :  4'1  :  :  '00208  :  '7  nearly,  and  20'6 
-I-  7  =  21 '8  is  the  velocity  sought ;  the  same  practi- 
cally as  found  in  Example  26,  p.  24.  If  allowance  is 
to  be  made  for  the  head  due  to  the  orifice  of  entry  and 
velocity,  this  head  can  be  determined  from  the  velocity 
due  to  the  value  of  r  8  in  the  table  next  less  than  the 
given  value  with  suflScient  accuracy.  In  this  case,  this 
velocity  is  20'6  feet  per  second  =  247  inches  nearly. 
If  the  orifice  of  entry  be  square,  the  coefficient  is  '815, 
and  the  head  due  to  the  velocity  and  this  coefficient  is. 
Table  II.,  10  feet  nearly.  If  r  be  known  separately, 
and  also  8,  as  well  as  the  head  h,  and  the  length  of  the 
pipe  I,  at  first 

H  J    XI.       r         H  —  10        A 

Y  =  s,  and,  therefore, —  =  -.  =z  «. 

In  Example  26,  p.  24,  h  =  150,  and  Z  =  100  feet, 
therefore,  the  new  value  of  -   =  --—  is  1'4 ;  and  as  r 

must  be  equal  '020888,  r  «  =  '02917 :  the  value  cor- 
responding to  which,  in  the  table,  is  20' 6,  the  velocity 
when  allowance  is  made  for  the  head  due  to  the  velocity 
and  orifice  of  entry. 

In  general,  by  taking  the  value  of  v  for  the  next 
less  value  of  r  «  in  the  table,  the  velocity  will  be  found 
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with  sufficient  accuracy,  and  also  the  value  of  r  s  from 
that  of  V  by  taking  it  as  the  next  greater.  If  r  « 
=  -0008528,  the  table  would  give  t;  =  8*04  feet,  the 
same  practically  as  already  found  in  Example  27, 
p.  25. 

The  value  of  r  «,  when  known,  determines  and  fixes 
the  value  of  v.  If  r  be  assumed  of  any  convenient 
dimensions,  b  is  then  determined ;  and,  in  like  manner, 
any  suitable  value  of  b  determines  r ;  thus : 

r  B  ^r  B 

—  =  «,  and  —  =  r, 
r  '  B 

It  is  well  to  remark,  here  again,  that  for  pipes  the 

value  of  r  is  the  fourth  part  of  the  diameter  d,  and 

that 

r  =  "7,  and  4  r  =  d. 

M.  DABcrin  1857,  inspecteur  des  ponts  et  chaussees, 
published  his  "Becherches  experimentales  relatives  au 
Mouvement  de  I'Eau  dans  les  Tuyaux,"*  the  result  of 
198  experiments,  in  which  the  velocities  varied  from 
*08  to  5  or  6  metres  per  second,  or  from  1^  inch  to  16 
or  19  feet,  and  with  pipes  varying  from  \  inch  to  20 
inches  diameter.  The  formula  by  which  he  presents 
the  results  is,  in  metres, 

(a.)  R  J  =  6i  u^, 

in  which  b  is  the  radius  of  the  pipe,  j  the  hydraulic 

inclination,  hi  a  variable  coefficient  dependent  on  the 

circumstances,  and  u  the  velocity  per  second.     For 

,  wrought  and  cast  iron  pipes  of  the  same  state  of  bore, 

*  M6inoires  prtfsent^s  par  divers  sayants  &  rAcad^mie  des  Sciences 
de  rinstitat  imperial  de  France,  tome  XV.,  Paris,  1858. 
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the  value  of  61  is    expressed   by  M.  Darcy,  by  the 
equation 

^^/^-^P.       -00000647 
(6.)  61  =  -000507  + , 

the  agreement  between  which  and  experiment  is  shown 
in  the  following  table. 


DlMneten 

InEngllflh 

inchea. 

Diameters 
inmetree. 

Yelae  of  h^ 
flrom  ex- 
periments. 

Value  of  5. 

l^the 

formula. 

Bemarks. 

•6 
!• 
15 
8-2 

5-4 
7^4 

117 

197 

•0122 
•0266 
•0895 
•0819 
•1870 
•1880 

•2970 

•5000 

•001673 
•000918 
•000785 
•000695 
•000553 
•000584 

•000612 

•000509 

•001568 
•000998 
•000835 
•000665 
•000601 
•000576 

•000551 - 

•000582 

Well  poliflhed  bore. 

Pipe  already  in  use, 
but  the  bore  cleaned. 

For  iron  coated  with  bitumen,  the  value  of  ii  in  a 
pipe  -196  metres  in  diameter  was  '0004884;  for  a 
newly  cast  pipe  of  -188  metres,  &i  was  '000584 ;  and 
for  a  pipe  -2482  metres  in  diameter,  &i  was  -001168 ; 
the  relative  proportions  of  &i  in  these  three  instances, 
being  as 

1-1  to  1-5  and  to  8 ; 
and,  therefore,  the  velocities,  or  discharges,  would  be 
inversely  as  the  square  roots  of  these,  or  as 

-95  to  -82  and  to  '68. 
By  substituting  the  notation  used  in  this  work  for  that 
of  M.  Darcy,  then  for  measures  in  metres,  from  equa- 
tions (a)  and  (6), 


TB 


=!»■={• 


0002535  + 


•0000016175 1 


I 


»s. 


288  THE  DISCEAROE  OF  WATER  FROM 

which  for  feet  measures  becomes  (as  1  metre  =  8*281 
feet) 

f  AAAOKQ,:  i  3-281  X  '0000016175  )  v" 

rs=  I  -0002685  + }  x  3^1  • 

hence 

««= -00007726 +''-55^52162 

r 
and,  therefore, 

r  8 


"-■ 


•00000162 


00007726  +  . 

r        ) 


V. 


For  all  half-inch  pipes  this  becomes 

""=  {  ^23"278}    =^^'^  ^~'' 
for  all  inch  pipes, 

"=  {-000^15502}  -QQ'^^^^' 

for  all  two-inch  pipes, 
for  all  four-inch  pipes, 
for  all  six-inch  pipes, 
for  all  nine-inch  pipes, 
for  all  twelve-inch  pipes. 


«=^ 
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for  all  eighteen-inch  pipes, 

for  all  twenty-four  inch  pipes, 

^  ={ -0000805  }- ^"'^  ^"^ ' 
and  when  r  is  large,  as  for  very  large  pipes  and 
channels,  the  velocity 

00007726  J     ~  -^^^'^  "^^^ 
is  obtained. 

There  is  evidently,  on  an  examination  of  these 
results,  a  great  error  in  the  formula  of  M.  Darcy.  As 
long  as  the  diameter  of  a  long  pipe  continues  constant, 
the  velocity  is  always  represented  by  a  given  fixed 

multiple  of  n/T«,  or  of  the  square  root  of  the  product 
of  the  hydraulic  inclination  and  hydraulic  mean  depth, 
no  matter  how  small  or  great  the  velocity  in  the  pipe 
may  be.  For  an  inch  pipe  this  multiplier  for  feet 
measures  is  80*8.  Now  with  a  lead  pipe  the  author 
has  found,  from  several  experiments,  for  a  velocity 
of  about  15  feet  per  second,  the  multiplier  to  be  117 
or  118 ;  and  for  a  velocity  of  about  22  feet  per  second, 
Mr.  Hodson's  experiment  gives  a  multiplier  of  about 
120.  Taking  the  other  extreme  for  large  pipes,  the 
multiplier  derived  from  M.  Darcy's  formula  is  IIS'S, 
no  matter  how  small  the  velocity  may  be.  But  there  are 
experiments  in  abundance  to  prove  that  for  velocities 
of  about  12  or  18  inches  per  second,  the  multiplier 
cannot  exceed  95.  We,  therefore,  look  upon  these 
researches  of  M.  Darcy  as  partial  and  defective,  and 
his  formula  as  a  representation,  at  best,  of  a  limited 


240  THE  DISCHARGE  OF  WATER  FROM 

range  of  velocities,  in  which  those  at  either  side  are 
omitted  or  not  perceived. 

For  small  pipes,  any  obstruction  arising  from  defec- 
tive bore,  decomposition,  encrustation,  or  from  dimin- 
ished bore,  affects  the  discharge  much  more  considerably 
than  the  same  obstructions  in  a  large  pipe.  In  order 
to  compare  correctly  the  effects  of  the  state  of  the 
bore  on  the  discharge,  pipes  of  exactly  the  same 
diameter  must  be  used,  and  the  value  of  hi  determined 
from  experiments  in  which  the  velocity  is  the  same, 
otherwise  the  results,  as  deduced  by  M.  Darcy  and 
given  by  Morin,  cannot  be  depended  upon. 

A  few  examples,  taken  at  discretion,  are  given  to 
show  how  limited  this  formula  must  be  in  its  applica- 
tion. 

1.  Couplet's  experiment.  No.  48,  p.  217,  reduced 
to  feet,  gives  r  =  -8997  feet,  8  =  -0085,  r  «=  001339, 
and  the  observed  velocity  v  =  3*478  feet  =  95  V  r  s 
nearly.  Darcy's  formula  would  give  v  =  110*8  V  r  8, 
the  author's  formula  106  V  r  »  nearly,  and  Weisbach's 

105  V  r  «  nearly.  The  pipe  was  probably  an  old  one, 
and  a  deduction  of  about  10  per  cent,  might  be  made 
for  the  state  of  the  bore.  Here,  however,  there  is  no 
means  of  judging  the  effect  of  a  change  of  inclination 
on  the  multiplier  m,  table  page,  281. 

2.  From  Du  Buat's  experiments  with  an  inch  pipe, 
nearly,  Nos.  50  and  51,  p.  217,  after  reducing  them 
to  feet,  in  experiment  50,  r  =  *0222,  8  =  '228  and  v 
=  6*88  feet  =  89*2  V  r  «;  or,  after  making  the 
necessary  deductions  in  the  head  for  the  velocity  and 
the  orifice  of  entry  with  the  coefficient  *815,  8  =  '147 
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and  V  =  6-88  feet  =  111"4  VTl.  In  experiment  51, 
in  feetr  =  -0222,  s  =  -8074,  and  t;  =  7-54  =  92  Vr7; 
or,  by  making  allowance  for  the  head  due  to  the  velo- 
city and  the  orifice  of  entry,  as  before,  8  =  '179,  and 

V  =  7'54  feet  =  119*7  V  r  «.  Here  it  is  seen  how 
the  velocity,  or  value  of  the  inclination,  «,  affects  the 
value  of  the  multiplier,  the  diameter  remaining  con- 
stant.    M.  Darcy's  formula,  in  each  case,  would  only 

make  v  =  80*2  •  ~r8. 

8.  In  the  excerpt  proceedings  of  the  Institution  of 
Civil  Engineers,  p.  4,  6th  February,  1855,  James 
Simpson,  president,  in  the  chair,  there  is  given  for  the 
**  Colinton  pipe "  16  inches  diameter,  eight  or  nine 
years  in  use,  three  observations.  First,  29,580  feet 
long,  a  head  of  420  feet  and  a  discharge  of  571  cubic 
feet  per  minute :  these  givet?  =  6'816feet  =  99*2  s/Ta 
nearly.  Secondly,  a  length  of  25,765  feet  a  head  of 
1^  feet,  and  a  discharge  of  440  cubic  feet  per  minute : 
these  give  v  =  5*252  feet  =  96*8  VTIT  And  thirdly, 
a  length  of  8,815  feet  a  head  of  184  feet,  and  a  dis- 
charge of  1,215  cubic  feet  per  minute  :  these  give  v  = 

14*6  feet  =  115  v  r  «  nearly.  In  these  three  examples, 
the  diameter,  castings,  and  age  of  the  pipes  are  the 
same.    Yet  it  is  seen,  clearly,  that  the  inclination 

affects  the  multiplier  of  V  r  «,  which  increases  with 
the  inclination,  «,  although  M.  Darcy's  formula  would 
make  the  multiplier  the  same  in  each  case,  and  for  all 
inclinations,  viz.  v  =  110  \/  r  s.  Making  those 
allowances  inseparable  from  the  state  of  the  pipe,  and 
all  experimental  observations,  these  results,  as  well  as 
those  from  Du  Bu&t's  experiments,  confirm  the  accuracy 
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of  the  author's  general  formula  (119a),  page  280, 
and  those  others  that  have  been  given  following  it,  as 
well  also  as  that  of  Weisbach. 

Dr.  Young's  formula,  page  222,  bears  a  resemblance 
to  that  of  M.  Darcjy  in  making  the  multiplier  of  Wv 
depend  only  on  the  diameter ;  but  it  works  in  a  con- 
trary manner :  for  the  high  velocities  being  derived 
from  pipes  with  small  diameters,  in  the  experiments 
at  his  command,  the  value  ofcint;  =  (7Vr«,  reduced 
from  his  formula,  becomes  larger  in  general  for  small 
than  for  lai^er  diameters.  No  doubt  an  allowance 
should  be  made  in  small  pipes  for  a  thin  film  of  water 
adjoining  the  pipe  with  little  or  no  velocity ;  but  within 
the  limits  with  which  the  engineer  has  to  deal,  this 
may  be  neglected.  Its  effect,  as  well  as  that  of  aU  the 
other  resistances,  junctions,  contractions,  deposits,  &c., 
is  greater  in  pipes  of  small  bore  than  in  larger  ones. 

COEFFICIENTS   DUE   TO   THE    ORIFICE    OF   ENTRY. — 

THREE   PROBLEMS. 

Unless  where  otherwise  expressed,  the  head  due  to 
the  velocity  and  orifice  of  entry  is  not  considered  in 
the  preceding  equations.  In  equation  (74),  where  it  is 
taken  into  calculation  generally, 

in  which  1  +  r,  is  equal  to  I  -  |  ,c,  being  the  coefficient 

of  resistance  due  to  the  orifice  of  entry,  and  c^  the 
coefficient  of  velocity  or  discharge  from  a  short  tube. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS,  243 

If  the  tube  project  into  the  reservoir,  and  be  of  small 
thickness,  c^  will  be  equal  '715  nearly,  and  therefore 
c^  =  '966 ;  if  the  tube  be  square  at  the  junction,  the 
mean  value  of  Cy  will  be  '814,  and  therefore  c^  =  '608 ; 
and  if  the  junction  be  rounded  in  the  form  of  the  con- 
tracted vein,  Cy  is  equal  to  unity  very  nearly,  and  c^ 
=  0.  For  other  forms  of  junction  the  coefficients  of 
discharge  and  resistance  will  vary  between  these  limits, 
and  particular  attention  must  be  paid  to  their  values 
in  finding  the  discharge  from  shorter  tubes  and 
those  of  moderate  lengths;   but  in  very  long  tubes 

1  +   c,  becomes  very  small  compared  with  Cf   x  -, 

and  may  be  neglected  without  practical  error.  These 
remarks  are  necessary  to  prevent  the  misapplication  of 
the  tables  and  formulte,  as  the  height  due  to  the  velo- 
city and  orifice  of  entry  is  an  important  element  in  all 
calculations  for  short  tubes. 

It  is  considered  unnecessary  to  give  any  formulae  for 
finding  the  discharge  itself,  because,  the  mean  velocity 
once  determined,  the  calculation  of  the  discharge  from 
the  area  of  the  section  is  one  of  simple  mensuration  ; 
and  the  introduction  of  this  element  into  the  three 
problems  to  which  this  poition  of  hydraulic  engineering 
applies  itself,  renders  the  equations  of  solution  com- 
plexy  though  easily  derived ;  and  presents  them  with 
an  appearance  of  difficulty  and  want  of  simplicity 
which  excludes  them,  nearly  altogether,  from  practical 
application.     The  three  problems  are  as  follows  : — 

I.  Given  the- fall,  length,  and  diameter  of  a  pipe  or 
hydraulic  mean  depth  of  any  channel,  to  find  the  dis- 
charge. 

R  2 
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Here  all  that  is  necessary  is  to  find  the  mean 
velocity  of  discharge,  which,  multiplied  by  the  area 
of  the  section  (equal  d?  x  '7864  in  a  cylindrical  pipe), 
gives  the  discharge  sought.  Table  VIII.  gives  the 
velocity  at  once  for  long  channels,  according  to  Du 
Buat,  or  it  can  be  found  from  equation  (119a)  by  calcu- 
lation. Table  IX.  gives  the  discharge  in  cubic  feet 
per  minute  for  different  diameters  of  pipes,  and  veloci- 
ties in  inches  per  second,  when  found  from  Table 
Vni.,  or  formula  (119a).  See  also  Tables  XI.  and 
XII.    For  a  pipe  6  inches  in  diameter,  the  velocity 

PER  SECOND    is  PRACTICALLY  EQUAL    TO  THE    DISCHARGE 

IN  CUBIC  FEET  PER  HiNUTE.     See  also  the  tables  at 
pp.  28,  29,  270,  and  271. 

II.  Given  the  discharge  and  cross  section  of  a 
channel^  to  find  the  fall  or  hydraulic  inclinatioii. 

If  the  cross  section  be  circular,  as  in  most  pipes, 
the  hydraulic  mean  depth  is  one-fourth  of  the  diameter ; 
in  other  channels  it  is  found  by  dividing  the  water  and 
channel  line  of  the  section,  wetted  perimeter,  or 
border,  into  the  area.  The  velocity  is  found  by 
dividing  the  area  into  the  discharge,  and  reducing  it 
to  inches  per  second ;  then  in  Table  VIII.,  under  the 
hydraulic  mean  depth,  find  the  velocity,  corresponding 
to  which  the  fall  per  mile  will  be  found  in  the  first 
column,  and  the  hydraulic  inclination  in  the  second. 
This  result  can  be  corrected  by  trial  and  error  to  accord 
with  formula  (119a),  and  the  table  for  the  values  of  r  s 
and  v,  p.  284,  calculated  from  it.  See  also  the  tables, 
pp.  28,  29,  270,  and  271. 

III.  Oiven  the  discharge,  length,  and  fall,  to  find 
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the  diameter  of  a  pipe,  or  hydravMc  mean  depth  and 
dimensions  of  a  channel. 

This  is  the  most  useful  problem  of  the  three. 
Assume  any  mean  radius  r^,  and  find  the  discharge  d» 
by  Problem  I.     Then  for  cylindrical  pipes 

6       5 -  ^  D  ^ 

and  as  r^  d,  and  d^,  are  known^  r'  becomes  also  known, 
and  thence  r.  Table  XIII.  will  then  assist  to  find  r 
with  great  facility.  Thus,  if  r^  =  1  and  n^  was  found 
15,  D  being  88,  then 

1:?^::  1:^::  1:  2*2,  therefore  r«  =  2*2 ; 

and  thence  by  Table  XIII.,  r  =  1*87,  the  mean 
radius  required,  four  times  which  or  5:48  is  the  diameter 
of  the  pipe.  For  other  channels,  the  quantity  thus 
found  must  be  the  hydraulic  mean  depth;  and  all 
channels,  however  varied  in  the  cross  section,  will  have 
the  same  velocity  of  discharge,  when  the  fall,  length, 
and  hydraulic  mean  depth  are  constant.  If  r»  be  as- 
sumed EQUAL  TO    1^-  INCH,  THE  VELOCITY  POUND   FROM 

Table  VIII.  will  then  be  the  dischabge  in  cubic 
FEET  PER  MINUTE  NEARLY,  and  this  "mean  radius" 
can  always  be  assumed  for  the  first  term  of  the  propor- 
tion.    See  also  the  tables,  pp.  28,  29,  270,  and  271. 

In  order  to  find  the  dimensions  of  any  polygonal 
channel  whatever,  which  will  give  a  discharge  equal  to 
D,  assume  any  channel  similar  to  that  proposed,  one  of 
whose  known  sides  is  s^  and  find  the  corresponding 
discharge,  d»,  by  Problem  I.,  or  from  Tables  XI.  and 
XII. ;  then,  if  the  like  side  of  the  required  channel> 
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be  s,  there  results  the  equation  s  r=  «^f  —  J  ,  and  thence 

the  numerical  value  from  Table  XIII.  The  result 
can  be  corrected,  as  before,  to  accord  with  any  of  the 
formulse  by  the  method  of  trial  and  error. 

As  it  frequently  happens  that  deposits  in  and  encrus- 
tations on  a  pipe  take  place  from  time  to  time,  which 
diminish  the  flowing  section  considerably,  it  is  always 
prudent,  when  calculating  the  necessary  diameter,  to 
take  the  largest  coefficient  of  friction,  c,,  or  to  double 
its  mean  value,  particularly  for  small  pipes,  when  cal- 
culating the  diameter  from  any  of  the  formulse.  Some 
engineers,  increase  the  quantity  of  water  by  one-half 
to  find  the  diameter ;  but  much  must  depend  on  the 
peculiar  circumstances  of  each  case,  as  sometimes  less 
may  be  sufficient,  or  more  necessary.     The  discharge 

increases  in  similar  figiires,  nearly  as  r^  or  as  S^  that 
is,  as  the  square  root  of  the  fifth  power  of  the  diameter, 
and  the  corresponding  increase  in  the  diameter  for  any 
given  or  allowed  increase  in  the  discharge  can  be  easily 
found  by  means  of  Table  XIII.,  as  shown  above.  If 
the  dimensions  be  increased  by  one-sixth,  the  discharge 
will  be  increased  by  one-haK  nearly ;  and  by  doubUng 
the  dimensions  the  discharge  is  increased  in  the  pro- 
portion of  5f  to  1. 

For  shorter  pipes,  it  is  necessary  to  take  into  con- 
sideration the  head  due  to  the  velocity  and  orifice  of 
entry.  Taking  the  mean  coefficient  of  velocity  or 
discharge,  the  head  due  to  the  velocity  and  orifice  of 
entry,  if  it  be  known  is  found  from  Table  II. ;  this 
subtracted  from  the  whole  head,  h,  leaves  the  head,  Af , 
due  to  the  hydraulic  inclination,  which  is  that  to  be 
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made  use  of  in  Table  VIII,  If  the  velocity  be  not 
giren,  it  can  be  found  approximately ;  then  the  head 
found  for  this  velocity,  due  to  the  orifice  of  entryi 
when  deducted,  as  before,  will  give  a  close  value  of  Af, 
from  which  the  velocity  may  be  determined  with 
greater  accuracy,  and  so  on  to  any  degree  of  approxi- 
mation. In  general,  one  approximation  to  hf  will  be 
sufficient,  unless  the  pipes  be  very  short,  in  which  case 
it  is  best  to  use  equation  (74).  Example  VIII.,  p. 
208,  and  the  explanation  of  the  use  of  the  tables. 
Section  I.,  may  be  usefully  refen*ed  to. 

Tables  XI.,  XU.,  and  XIII.  assist  to  solve  with 
considerable  facility  all  questions  connected  with  dis« 
charge,  dimensions  of  channel,  and  the  ordinary  surface 
inclinations  of  rivers*  The  discharge  corresponding 
to  any  intermediate  channels  or  falls  to  those  given  in 
Tables  XI.  or  XII.,  will  be  found  with  abundant 
accuracy,  by  inspection  and  simple  interpolation ;  and 
in  the  same  manner  the  channels  from  the  discharges. 
Rivers  have  seldom  greater  falls  than  those  given  in 
Table  XII.,  but  in  such  a  case,  it  is  only  to  divide 
the  fall  by  4,  then  twice  the  corresponding  discharge 
will  be  that  required.  Table  XIII.  gives  the  com- 
parative discharging  powers  of  all  similar  channels, 
whether  pipes  or  rivers,  and  the  comparative  dimen- 
sions from  the  discharges.  It  will  be  perceived  from 
it,  that  an  increase  of  one-third  in  the  dimensions 
doubles,  and  a  decrease  of  one-fourth  reduces  the 
discharge  to  one-half.  By  means  of  this  table,  and 
by  a  simple  proportion,  the  dimensions  of  any  given 
form  of  channel  when  the  discharge  is  known  can  be 
determined.  See  Example  17,  p.  17.  See  also  the 
tables  pp.  28,  29,  270,  and  271. 
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The  mean  widths  in  Tables  XI.  and  XII.  are 
calculated  for  rectangular  channels,  and  those  having 
side  slopes  of  1^  to  1.  Both  these  tables  are,  how- 
ever, practically,  equally  applicable  to  any  side  slopes 
from  0  to  1  up  to  2  to  1,  or  even  higher  when  the 
mean  widths  are  taken  and  not  those  at  top  or  bottom. 
A  semihexagon  of  all  trapezoidal  channels  of  equal 
area  has  the  greatest  discharging  power,  and  the  semi- 
square  and  all  rectangles  exactly  the  same  as  channels 
of  equal  areas  and  depths  with  side  slopes  of  1^  to  1 . 
The  maximum  discharge  is  obtained  between  these 
for  the  semihexagon  with  side  slopes  of  nearly  ^  to  1, 
but  for  equal  areas  and  depths  the  discharge  decreases 
afterwards  as  the  slope  flattens.  The  question  of 
"how  much?"  is  here,  however,  a  very  important 
one ;  for,  as  already  pointed  out  in  equations  (28)  and 
(31),  the  differences  for  any  practical  purposes  may  be 
immaterial.  This  is  particularly  so  in  the  case  of 
channels  with  different  side  slopes,  if,  instead  of  the 
top  or  bottom,  the  mean  width  is  made  use  of  to 
calculate  from.  Then  it  is  only  to  subtract  the  ratio 
of  the  slope  multiplied  by  the  depth  to  find  the 
bottom,  and  add  it  to  find  the  top.  If  the  mean  width 
be  50  feet,  the  depth  5  feet,  and  the  side  slopes  2  to  1, 
then  50  —  (2  X  5)  =  40  for  the  bottom,  and  50  + 
(2  X  5)  =  60  for  the  top  width. 

Side  slopes  of  2  to  1  present  a  greater  difference 
from  the  mean  slope  of  1^  to  1,  than  any  others  in 
general  practice  when  new  cuts  are  to  be  made.  A 
triangular  channel  having  slopes  of  2  to  1,  and  bottom 
equal  to  zero,  differs  more  in  its  discharging  power 
from  the  half  square,  equal  to  it  in  depth  and  area. 
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than  if  the  bottom  in  each  was  equally  increased,  yet 
even  here  it  is  easy  to  show  that  this  maximum  differ «* 
ence  is  only  6^  per  cent.  If  the  bottom  be  increased 
so  as  to  equal  the  depth,  it  is  only  4^  per  cent. ;  when 
equal  to  twice  the  depth,  8*8  per  cent.;  and  when 
equal  to  four  times  the  depth,  to  2  per  cent. ;  while 
the  differences  in  the  dimensions  taken  in  the  same 
order  are  only  2'2,  I'S,  1'6,  and  0'8  per  cent.  For 
greater  bottoms  in  proportion  to  the  depth  the  differ- 
ences become  of  no  comparative  value.  It  therefore 
appears  pretty  evident,  that  Tables  XI.  and  XII.  will 
be  found  equally  applicable  to  aU  side  slopes  from  0 
to  1  up  to  2  to  1,  by  taking  the  mean  widths.  When 
new  cuts  are  to  be  made,  there  is  no  reason  whatever 
in  starting  from  bottom  rather  than  mean  widths,  to 
calculate  the  other  dimensions ;  indeed  the  necessary 
extra  tables  and  calculations  involved  ought  entirely 
to  preclude  us  from  doing  so.  Besides,  the  formuls^ 
for  finding  the  discharge  vary  in  themselves,  and  for 
different  velocities  the  coefficient  of  friction  also 
varies.*  Added  to  which  the  inequalities  in  every 
river  channel,  caused  by  bends  and  unequal  regimen, 
preclude  altogether  any  regularity  in  the  working 
slopes  and  bottom,  though  the  mean  width  woidd 
continue  pretty  uniform  under  all  circumstances. 

*  The  coefficient  m  in  the  formola  v  =  m  (r  «)'  in  rivers  for  veloci- 
ties from  3  inches  to  3  feet  per  second,  varies  from  about  72  to  103  ; 
yet,  strange  to  say,  most  tables  are  calculated  from  one  coefficient 

alone ;  or,  rather,  from  a  formula  equivalent  to  94*17  (r  «)',  which 
gives  results  suited  to  a  velocity  of  16  inches  only.  Dimensions  of 
channels  calculated  by  means  of  this  formula  are  too  small  in  one  case, 
and  too  large  in  the  other.  In  pipes,  the  variation  of  the  coefficients 
is  shown  in  the  small  tables,  pp.  229  and  281. 
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The  quantities  in  Table  XII.  are  calculated,  from 
the  velocities  found  from  Table  VIII.,  to  correspond 
to  a  channel  70  feet  wide  and  of  different  depths,  the 
equivalents  to  which  are  given  in  Table  XI.  In 
order  to  apply  these  tables  generally  to  all  open 
channels,  the  latter  are  to  be  reduced  to  rectangular 
ones  of  the  same  depth  and  mean  width,  or  the 
reverse,  as  already  pointed  out.  If  the  dimensions 
of  the  given  channel  be  not  within  the  limits  of 
Table  XI.,  divide  the  dimensions  of  the  larger 
channels  by  4,  and  multiply  the  corresponding  dis- 
charge found  in  Table  XII.  by  82;  for  smaller 
channels,  multiply  the  dimensions  by  4,  and  divide  by 
82*  In  like  manner,  if  the  discharge  be  given  and 
exceed  any  to  be  found  in  Table  XIII.,  divide  by  82, 
and  multiply  the  dimensions  of  the  suitable  equivalent 
channel  found  in  Table  XI.  by  4.  If  it  be  desirable  to 
find  equivalent  channels  of  less  widths  than  10  feet  for 
small  discharges,  midtiply  the  discharge  by  82,  and 
divide  the  dimensions  of  the  corresponding  equivalent 
by  4.  Many  other  multipliers  and  divisors  as  well  as 
4  and  82  may  be  found  from  Table  XIII.,  such  as  8 
and  15-6,  6  and  88*2,  7  and  180,  9  and  248,  10  and 
316,  12  and  499,  &c.  The  differences  indicated  at 
pages  212  and  218,  must  be  expected  in  the  application 
of  these  rules,  which  will  give,  however,  dimensions  for 
new  channels  which  can  be  depended  on  for  doing  their 
duty.     The  Tables,  pp.  270,  271,  are  also  applicable. 

It  will  be  seen  from  Table  XIII.  that  a  very  small 
increase  in  the  dimensions  increases  the  discharging 
power  very  considerably.  Table  XII.  also  shows  that 
a  small  increase  in  the  depth  alone  adds  very  much  .to 
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the  discharge.     If  in  this  latter  case  a  small  increase 

in  the  depth,  d,  be  expressed  by  — ,  then  it  is  easy  to 

n 

prove  that  the  corresponding  increase  in  the  velocity, 

V,  will  be  -  - ;  and  that  in  the  discharge  d,  - — ,  if 
2  n  2  n 

the  surface  inclination  continue  unchanged ;  but  as  it 
is  always  observable  in  rivers  that  the  surface  inclina- 
tions increase  with  floods,  the  differences  in  practice 
will  be  found  greater  than  these  expressions  make  it* 
As  in  a  large  river  the  surface  inclination  must  be  very 
small,  four  times  the  fall  will  add  very  little  to  the 
sectional  area ;  yet  this  increase  of  fall  woidd  double 
the  discharge,  and  thence  may  be  perceived  how  tribu- 
taries can  be  absorbed  into  the  main  channel  without 
any  great  increase  to  its  depth. 


SECTION  IX. 

BEST  FORMS  OP  THE  CHANNEL. — ^REGIMEN. — ^VELOCTTY. — 
EQUALLY  DISCHARGING  CHANNELS. 

The  determination  of  the  hydraulic  mean  depth 
does  not  necessarily  determine  the  section  of  the 
channel.  If  the  form  be  a  circle,  the  diameter  is  four 
times  the  mean  radius;  but,  though  this  form  be 
almost  always  adopted  for  pipes,  the  beds  of  rivers 
take  almost  every  curvilineal  and  trapezoidal  shape* 
Other  things  being  the  same,  that  form  of  a  river 
channel,  in  which  the  area  of  the  cross  section  divided 
by  the  border  is  a  maximum,  is  the  best.     This  is  a 
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semicircle  having  the  diameter  for  the  surface  line, 
and  in  the  same  manner,  half  the  regular  figures,  an 

octagon,  hexagon,  and 
square,  in  Fig.  88,  are 
better  forms  for  the 
channel,  the  areas  and 
side  slopes  being  con- 
stant, than  any  others 
of  the  same  number  of 


.- V  Hgr.33/- — .^ 

v^ 

-K^-^ 
/**^ 

^E=£a    -l^nJ^ 

sides.  Of  all  rectangular  channels.  Diagram  4,  in 
which  A  B  c  D  is  half  a  square,  is  the  best  cross  section ; 
and  in  Diagram  8,  a  c  d  b,  half  a  hexagon,  is  the  best 
trapezoidal  form  of  cross  section.  When  the  width 
of  the  bottom,  c  d,  Diagram  8,  is  given,  and  the  slope 

=  n,  then,  in  order  that  the  discharge  may  be  the 


A  a 


G  a 

greatest  possible. 


c  a 


=  { 


C  D  = 


2  (n^  +  1)* 
—  71  X  c  a 


and 


c  a 


in  which  a  is  the  given  area  of  the  channel.  As,  however^ 
a  river  has  never  been  known  in  which  the  slope  of  the 
natural  banks  continued  uniform,  even  although  made 
so  for  any  improvements,  it  is  not  necessary  to  give 
tables  for  different  values  of  n.  If,  notwithstanding, 
4>  be  put  for  the  inclination  of  the  slope  a  c,  equal  angle 

c  A  a ;  then  as  cot.  <f)  =  n,  and  \/ n^~+~i  =  -: > 

sm.  <f» 

the  foregoing  equations  become 
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C  D 


(120.)      ca=   /    -^sm.»    Y^ 
^  1 2  —  cos-  *  J 


and 


*-^         2{(n2  +  l)J-n}; 


(121.)  CD  =  —  -ca  X  cot.  <^,* 

c  a 

wliich  will  give  the  best  dimensions  for  the  channel 

when  the  angle  of  the  slope  for  the  banks  is  known. 

When  the  discharge  from  a  channel  of  a  given  area, 

with  given  side  slopes,  is  a  maximum,  it  is  easy  to 

prove  that  the  htdraulic  mean  depth  must  be  half 

OF   THE    central   OR  GREATEST   DEPTH.        This   simple 

principle  gives  the  construction  of  the  best  form  of 
channel  with  great  facility.  Describe  any  circle  on  the 
drawing-board ;  draw  the  diameter  and  produce  it  on 
both  sides f  oiitside  the  circle;  draw  a  tangent  to  the 
lower  circumference  parallel  to  this  diameter,  and  draw 
the  side  slopes  at  the  given  inclinations,  touching  the 
circumference  also  on  each  side  and  terminating  on  the 
paraUel  lines:  the  trapezoid  thtLS  formed  wiU  be  the 
best  form  of  channel,  and  the  width  at  the  surface  wiU 
be  equal  to  the  sum  of  the  two  side  slopes.  It  is  easy  to 
perceive  that  this  construction  may  be,  simply,  extended 
for  finding  the  best  form  of  a  channel  having  any  poly- 
gonal border  whatever  of  more  sides  than  three  and  of 
given  inclinations. 

Commencing  with  the  best  discharging  form  of 
channel,  which  in  practice  will  have  the  mean  width, 
about  double  the  depth ;  an  equally  discharging  section 
of  double  the  width  of  the  first  will  have  the  contents 

*  When  c  D  =  0.    The  channel  is  triangalar ;  and  a  =  c  a'  x  cot  ^ 

andca=C-A_\i. 
Voot.  0/ 
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one-eleventh  greater,  and  the  depth  less  in  the  pro- 
portion of  1  to  1*85.  A  channel  of  double  the  mean 
width  of  the  second  must  have  the  sectional  area  further 
increased  by  about  one-fifth,  and  a  further  decrease  in 
the  depth  from  1'67  to  1  nearly.  The  greater  expanse 
of  the  excavation  at  greater  depths  will,  in  general, 
more  than  counterbalance  these  differences  in  the 
contents  of  the  channel.  When  the  banks  rise  above 
the  flood  line,  and  are  unequal  in  their  section,  the 
wider  channel  involves  further  upper  extra  cutting, 
but  there  is  greater  capacity  to  discharge  extra  and 
extraordinary  flooding,  the  banks  are  less  liable  to 
slip  or  give  way,  the  slopes  may  be  less,  and  the 
velocity  being  also  less,  the  regimen  will,  in  general, 
be  better  preserved.  The  table  of  equally  discharging 
channels,  p.  270,  will  afford  the  means  of  calculating 
the  difference  of  the  cubical  contents. 

When  the  sectional  area  is  given,  the  following 
table  shows  that  the  semicircle  is  the  best  discharging 
channel,  and  the  complete  circle  the  worst ;  the  latter 
is  so,  however,  only  compared  with  the  open  channels 
given  in  the  table,  it  being  the  best  form  for  an  enclosed 
channel  flowing  full.  The  beat  form  of  an  open  channel 
is  particularly  suited  for  new  cuts  in  flat,  marsh, 
callow,  and  fen  landst  in  which  it  is  also  often  advis- 
able to  cut  them  with  a  level  bed,  up  from  the  dis- 
charging point,  in  order  to  increase  the  hydraulic 
mean  depth,  and  consequently  the  velocity  and  dis- 
charge. 

As  the  quantity  of  water  coming  down  a  river 
channel  in  a  season  varies  very  considerably, — the 
author  has  observed  it  in  one  case  to  vary  from  one  to 
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thirty,  and  occasionally  in  the  same  channel  from  one 
to  seventy-five, — ^the  proportion  of  the  water  section 
to  the  channel  itself  must  also  vary,  and  those  rela- 
tions of  the  depth,  sides,  and  width  to  each  other, 
above  referred  to,  cease  to  hold  good,  and  be  the  best 
under  such  circumstances.  If  the  object  be  to  con- 
stmct  a  mill-race,  temporary  drain  for  unwatering  a 
river,  or  other  amall  channel,  in  which  the  depth 
remains  nearly  constant,  channels  of  the  form  of  a 
half  hexagon,  diagram  3,  Fig.  33,  will  be,  perhaps,  the 
best,  if  the  tenacity  of  the  banks  permit  the  slope ; 
but  rivers,  in  which  the  quantity  of  water  varies  consi- 
derably, require  wider  channels  in  proportion  to  the 
depth ;  and  also,  that  the  velocity  be  so  proportioned 
to  the  tenacity  of  the  soil,  or  as  it  is  termed  "  the 
regimen,"  that  the  banks  and  bed  shall  not  vary  from 
time  to  time  to  any  injurious  extent,  and  that  any 
deposits  made  during  their  summer  state,  and  during 
light  freshes,  shall  be  carried  off  periodically  by 
floods.  Another  circumstance,  also,  modifies  the 
effecte  of  the  water  on  the  banks.  It  is  this,  that  at 
carves,  and  tmns,  the  current  acts  with  greatest  effect 
against    the 


ondermining  also  the  bank,  as  at  i, 

raising  the  bed  to  the  opposite  side  b.     The  reflection 

of  the  current  to  the  opposite  bank  from  a.  acts  also 
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in  a  similar  manner^  lower  down,  upon  it ;  and  this 
natural  operation  proceeds,  until  the  number  of  turns, 
increased  length  of  channel,  and  loss  of  head  from 
reflexion  and  unequal  depths,  bring  the  currents  into 
regimen  with  the  material  in  the  bed  and  banks.  At 
all  bends  it  is,  therefore,  prudent  to  widen  the  channel 
on  the  convex  side  b,  and  protect  the  concave  side  a, 
Fig.  84,  in  order  to  reduce  the  velocity  and  its  effects ; 
and  if  the  bed  be  here  also  sunk  below  its  natural 
inclination,  as  it  may  be  seen  in  most  rivers  at  bends, 
the  velocity  will  be  farther  reduced,  and  the  per- 
manence of  the  bed  better  established. 

The  circumstances  to  be  considered  in  deciding  on 
the  dimensions  and  fall  of  a  new  river  course,  after  the 
depth  to  which  the  surface  of  the  water  is  to  be 
brought  has  been  decided  on,  are  the  following : — 

The  mean  velocity  must  not  be  too  slow,  or  aquatic 
plants  will  grow,  and  deposits  take  place,  reducing 
the  sectional  area  until  a  new  and  smaller  channel  is 
formed  within  the  first  with  just  sufficient  velocity 
to  keep  itself  clear.  This  velocity  should  not  in 
general  be  less  than  from  ten  to  fourteen  inches  per 
second.  The  velocity  in  a  canal  or  river  is  in- 
creased very  considerably  by  cutting  or  removing 
reeds  or  aquatic  plants  growing  on  the  sides  or 
bottom.* 

*  "  M.  GinurdaiSutobBerror,  avec  raison,  que  lea  plantes  aquatiqnea, 
qui  croiasent  toujonra  sur  le  fond  et  rar  lea  bergea  des  cananz,  ang- 
mentent  conaid^rablement  le  perimitre  monilU,  et  par  Roite  la  rdsiat- 
ance ;  il  a  rapell^  que  Du  Bn&t,  ayant  mesor^  la  vitesae  de  Tean  dana 
le  canal  du  Jard,  avant  et  aprts  la  conpe  dea  Toseanz  dont  il  ^tait  garni, 
avait  tronv^  un  rcanltat  bien  moindre  avant  qn^aprda.  £n  consequence, 
il  a  presque  doubU  la  pente  donn^  par  lo  calcul    .    .     /*— Trait6 
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The  mean  velocity  mnst  not  be  too  quick,  and 
shoold  be  so  determined  as  to  unit  the  tenacity  and 
resistance  of  the  channel,  otherwise  the  bed  and 
banks  will  change  continaally,  tinless  artificially  pro- 
tected ;  it  should  not  exceed 

2S  fMt  par  miunte  in  soft  tUnrul  dspadt& 
dayej  beds. 
nndj  ud  altj  bedi. 
gravaUy. 

(trong  grtTelljr  gUngle. 
Bhinglj. 

(hioglf  and  lock;. 
400  and  DpWMdi  in  rvekjr  tndBluiigl;.* 


d'HydranliqiM,  p.  136.  When  th«  fall  docs  not  exceed  a  few  inches 
per  mile,  tlie  velocity,  ai  determined  &om  the  inclination,  ii  retj 
OQcerCain,  and  for  this  reaaon  it  is  always  prudent  to  increaie  the 
depths  and  aecHonal  anu  of  rti»minl«  in  flat  lands,  aa  far  aa  the 
regimen  will  pennit  In  mdi  cases  the  aection  of  the  channel  should 
approxifflste  towaids  the  beat  form.    See  pp.  192  and  2S5. 
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A  velocity  of  180  feet  per  minute  will  remove 
angular  stones  the  size  of  an  egg.  Mr.  Phillips, 
under  the  Metropolitan  Commissioners  of  Sewers, 
states  that  2^  feet  per  second,  or  160  feet  per  minute, 
is  sufficient  to  prevent  soil  depositing  in  sewers. 

The  fall  per  mile  should  decrease  as  the  hydraulic 
mean  depth  increases,  and  both  be  so  proportioned 
that  floods  may  have  sufficient  power  to  carry  off  the 
deposits,  if  any,  periodically.  The  proportion  of  the 
width  to  the  depth  of  the  channel  should  not  be 
derived,  for  new  cuts  or  river  courses,  from  any 
formula,  but  taken  from  such  portions  of  the  old 
channel  as  approximate  in  depth  and  in  the  inclina- 
tion of  the  surface  to  that  proposed.  When  the 
depth  is  nearly  half  the  width,  the  formula  shows, 
cateris  paribtis,  that  the  discharge  will  be  a  maximum; 
but  as  (altogether  apart  from  the  question  of  expense) 
the  quantity  of  water  discharged  daily,  at  different 
seasons,  may  vary  from  one  to  seventy,  and  more,  and 
**  the  regimen,'^  has  to  be  maintained,  the  best  pro- 
portion between  the  width  and  depth  of  a  new  cut 
should  be  obtained,  as  stated,  from  some  selected 
portion  of  the  old  channel,  whose  general  circum- 
stances and  surface  inclination  approximate  to  those 
of  the  one  proposed ;  and  the  side  slopes  of  the  banks 
must  be  such  as  are  best  suited  to  the  soil.  The 
resistance  of  the  banks  to  the  current  being  in  general 
less  than  that  of  the  beds,  which  get  covered  with 
gravel,  and  the  necessary  provision  required  for  floods, 
appears  to  be  the  principal  reason  why  rivers  are  in 
general  so  very  much  wider  than  about  twice  the 
depth,  the  relation  which  gives  the  minimum  of  friction. 

8   2 
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The  following  Table  is  given  by  Bennie,  as  an 
approximation,  generally,  to  the  actual  state  of  rivers.* 
The  surface  inclinations,  however,  given  in  this  table 
for  the  first  and  second  classes,  are  very  considerable 
for  large  rivers,  and  would  give  velocities  which  would 
effectually  scour  them.     For  a  hydraulic  mean  depth 

of  12  feet,  the  velocity,  with  a  fall  of   onnn'  "^^^^  ^® 

2  feet  8. inches  per  second  by  Du  Buat's  formula;  and 
8*3  feet  per  second  by  our  formula.  The  description, 
therefore,  can  only  apply  to  smaller  channels.      In 

fact,  4  inches  to  a  mile,  or  ^^^,^,  is  a  considerable  in- 

15740 

clination  for  a  large  river.  From  Carrick-on-Shannon 
to  Killaloe,  a  distance  of  110  miles,  the  average  fall  is 
only  about  4  inches  per  mile  on  the  river  Shannon  ; 
and  the  portion  between  Athlone  and  the  river  Suck 
below  Shannon  bridge  the  fall  varies  from  '7  to  l^inch 
per  mile.  The  Table  of  the  ''  Falls  on  the  Shannon" 
(p.  262)  explains  practically  the  defects  in  Bennie's 
Table,  or  of  any  tabular  arrangement  that  omits  the 
size  and  hydraulic  mean  depth  of  the  river  channel. 
The  mean  velocity  and  quantity  flowing  remaining  the 
same,  the  hydraulic  mean  depth  increases  as  the  sur- 
face inclination  decreases,  and  in  the  same  ratio.  The 
increase  of  surface  inclination  and  of  velocity  are  the 
indices  of  obstructions  in  the  channel,  with  this  differ- 
ence, that  the  obstructions  are  caused  by  the  velocity 
where  the  surface  inclination  is  generally  steep ;  but 
the  obstructions  cause  the  increase  of  velocity  where 
the  inclination  is  generally  flat. 

*  Report  to  the  Britisli  Association,  1884 
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SlSnifCTITB  ATTBIBTrrBB 

or  THB 

TABI0C8  KI1ID8  OV  BXTBBS. 


Channels  wherein  the  resist- 
ance from  the  bed,  and  other 
obstacles,  equal  the  quantity  of 
current  acquired  from  the  de- 
clivity; so  tnat  the  waters  would 
stagnate  therein,  were  it  not  for 
the  compression  and  impulsion 
of  the  upper  and  back  waters  .. 


1st. 


Artificial  canals  in  the  Dutch ) 
and  Austrian  Netherlands   .    .  ( 


2nd. 


Bivers  in  low,  flat  countries,  j 
full  of  turns  and  windings,  and  I 
of  a  very  slow  current,  subject  >  Srd. 
to  frequent  and  lasting  inunda- 1 
tions       ....  ' 


Bivers  in  most  countries  that  \ 
are  a  mean  between  flat  and/ 
hilly,  which  have  good  currents,  I  . .  < 
but  are  subject  to  overflow ;  also  f 
the  upper  parts  of  rivers  in  flat  I 
countries j 


Bivers  in  hilly  countries  with  \ 
a  strong  current,  and  seldom/ 
subject  to  inundations;  also  &11  (  ^.l 
rivers  near  their  sources  havef 
this  declivity  and  velocity,  and  I 
often  much  more     .        .        .J 


Rivers  in  mountainous  coun-  \ 
tries  having  a  rapid  current  and  r  ^^ 
stnueht  course,  and  very  rarely  X       ' 
ovemowing  •     •  ) 

Bivers  in  their  descent  from  \ 
among  mountains  down  into  the  f  m^ 
plains  below,  in  which  plains  i 
they  run  torrent-wise      .        .  ) 


Absolute     torrents     among  |  «., 
mountains ) 
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FALLS  THE  22nD  AUGUST,  1861  (BY  MR.  BATEMAN),  ON  THE  SHANNON 
BETWEEN  ATHLONE  AND  YICTORLA.  LOCK,    MEELICK. 

Report,  May,  1803. 


Height  oyer 

upper  sill 

of  Victoria 

Lock. 

FalL 

Diiitanee. 

Fall  per 
MUe. 

Athlone 

Shannon  bridge , 
Banagher       .... 
Victoria  Lock,  Meelick      . 

ft.    in. 
16      2 
14      8 
12      3 
8    10 

ft.    in. 

•  • 

1  6 

2  5 

3  5 

miles 

•  • 

Hi 

3 

inches 

1-'2«S 
3*411 
9111 

NATURAL  FALLS  ON  THE  RIVER  SHANNON  (BY  MR.    LYNAM). 

Report,  April,  1867. 


NamoB  of  Places. 


From  Carrick  on  Shannon  to  Jamestown 

Bridge 

Thence  to  Jamestown  Weir 

Fall  over  Jamestown  Weir  . 

Tkence  to  Albert  Lock      . 

Thence  to  the  head  of  Boosky  Fall     . 

Thence  to  Boosky  Weir    . 

Fall  over  Booakv  Weir . 

From  Roosky  Weir  to  Tarmonlmry  Weir 

Fall  over  Tarmonbanj  Weir 

From  Tarmonbarry  Weir  to  Luiesboro 

Thence  to  Athlone,  head  of  the  Fall    . 

Thence  to  the  Weir   .... 

Fall  over  Athlone  Weir 

^From  Athlone  Weir  to  River  Suck. 

Thence  to  Banagher    .... 

Thence  to  Cotmsellor's  Ford  . 

Thence  to  Meelick  Weir 

Fall  over  Meelick  Navigation  and  Eel 

V    Weh» 

From  Meelick  to  Portumna 

Thence  to  KiUaloe  Pier  hcuul    • 

Thence  to  Killaloe  Weir  head 

Fall  over  Killaloe  Weir  at  the  bead,'\ 

2ft.  6in \ 

Fall  over  EiDaloe  Weir  at  the  lower  ( 

end,  Sft.  3in ) 

Thence  to  Killaloe  Bridge 

Total 

In  river 

Additional  fall  at  Tarmonharrv  left  out 
above  to  suit  the  heights  of  the  water 
there 


Whole  fall 


FallB. 


In  the 
river. 


ft.  in. 

0  9 

1  0 


1  11 
0    24 

0  6 

•  • 

2  6 

■  • 

1  3 
0  3 
0    4 


0  10( 

1  lU 

0  9 

1  1 


0    7 
0    5} 
0    8 


1    1 


9  S:  c  o 


ft.  in. 

•  ft 

m  m 

2    4 

1  5 

•  • 

5    6 

•  ■ 

m  m 

•  • 

2  4 


6    8 


15    9 


2    9 


21    0 
15    9 


1    1 


37  10 


miles 
5 


\ 


•  • 

•  • 

n 

174 
2 

■  • 

15 
8 
2 
2 

\ 
8 

23} 

i 


111 


Fall  per 
mile. 


inches 

l-e4 
6-00 

657 
0-36 
4*00 

4*66 

2'b*7 
017 
2^00 


0*50 


JJbpiall  in»m  KUlaloo  to  Limerick  is  about  97  feet  in  about  15  miles. 
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The  following  information  with  reference  to  the  sur- 
face inclinations  of  the  Thames,  is  also  from  Eennie's 
Eeport  on  Hydraulics,*  as  a  branch  of  engineering 
science. 


FaUin 

Ratio 

Names  of  places 

Length. 

Fan. 

feet  per 

of  incUna- 

mile. 

tions. 

miles 

fur. 

feet  in. 

From  Lechlade  at  St.  John's 

Bridge  to  Oxford  at  Folly 

Bridge        .        .        .    . 
From  Oxford  to  Abingdon 

28 

0 

47     0 

1-68 

X1V7 

Bridge     .... 
From  Abingdon  to  Walling- 

9 

0 

18  11 

1-73 

T.lsW 

ford  Bri<]^.        .        .     . 

14 

0 

27    4 

1-95 

t.tVt 

From  Wallingford  to  Read- 

ing Bridge 
From   T^j»irting   to   Henley 

18 

0 

24    1 

1-81 

I.TTTiy 

Bridge        .                .     . 

9 

0 

19    3 

214 

T.T'ST 

From    Henley    to  Marlow 

'  9V  0    1 

Bridge    .... 
From  Marlow  to  Maidenhead 

9 

0 

12    2 

1-85 

T.^TT 

Bridge        .        .        .    • 
From  Maidenhead  Bridge  to 

8 

0 

15    1 

1-86 

7,tV7 

Windsor  Bridge 

7 

0 

13    6 

1*93 

S.-TTS 

From  Windsor   to   Staines 

X 1 1  0  9 

Bridge 

8 

0 

15    8 

1-96 

TTTDT 

From   Staines  to  Chertsey 

•  fO  y  * 

Bridge     .... 
From  Chertsey  to  Tedding- 

4 

6 

• 

6    6 

1-44 

Tie  0  7 

ton-Lock             ... 

13 

6 

19    8 

1-45 

T.eVx 

From   Teddington-Lock   to 
London  Bri(^ 

19 

0 

2    9 

•145 

7T.2YX 

From   London   to    Yantlet 

V  0  t  V  A  V 

Creek 

From  Lechlade  to   Yantlet 

40 

0 

2    1 

•052 

161, 5T7 

CreeiL      •        ■        .        . 

186 

4 

218    0 

Deduct.                .     . 
From  Lechlade  to  London  . 

40 

0 

146 

4 

For  enclosed  channels,  the  circular  form  of  sewer 

•  Report,  for  1834,  of  the  British  Association. 
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will  have  the  largest  scouring  power,  at  a  given 
hydraulic  inclination.  For  then  the  area  of  the  sections 
being  the  same,  the  velocity  in  the  circular  channel 
will  be  a  maximum.  When  the  supply  is  intermit- 
tent, and  the  channel  too  large,  the  egg-shaped  form 
with  the  smaller  end  for  the  bottom, — or  the  sides 
vertical  with  an  inverted  ridge-rtile  or  V  bottom  for 
drains, — will  have  a  hydrostatic  flushing  power  to 
remove  soil  and  obstructions,  which  a  cylindrical 
channel,  only  partly  full,  does  not  possess ;  because 
a  given  quantity  of  water  rises  higher  against  the  same 
obstruction,  or  obstacle,  to  the  flow  in  the  pipe.  It 
must  be  confessed,  however,  that  for  small  drains  and 
house-sewage,  this  gain  is  immaterial,  and  is  at 
best  but  effected  by  a  sacrifice  of  space,  material,  and 
Mction  in  the  upper  part  of  drains,  from  6  to  12  inches 
iiv  diameter.  Besides  this,  the  mere  hydrostatic  pres- 
sure is  only  intermittent,  and  during  an  ordinary,  or 
heavy,  fall  of  rain,  the  hydrodynamic  power  is  always 
more  efficient  in  scouring  properly-proportioned  cylin- 
drical drains ;  and  the  workmanship  in  the  form  and 
joints  is  less  imperfect  than  for  more  compound  forms, 
as  those  with  egg-shaped  and  inverted  tile  bottoms. 
The  moulds  and  joints  of  cylindrical  stone-ware  drains, 
exceeding  12  inches  in  diameter,  are  seldom,  however, 
in  large  quantities  perfect;  and  the  expense  would 
exceed  that  of  brick,  stone,  or  other  sufficient  drains 
in  many  localities. 

As  to  the  increased  discharging  power  which  it  is 
asserted  by  some,  stone-ware  cylindrical  drains  pos- 
sess over  other  ordinary  drains,  no  doubt  it  is  true  for 
small  sizes,  because  the  form,  jointing,  and  surface  are 
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in  general  more  smooth  and  circular ;  and  for  sewage 
matter,*  the  friction  and  adherence  to  the  sides  and 
bottom  is  less;  any  advantage  from  these  causes 
becomes,  however,  immaterial  for  the  larger  sizes,  as 
these  can  be  constructed  of  brick  or  stone  abundantly 
perfect  to  any  form,  and  sufficiently  smooth  for  all 
practical  purposes,  for  in  the  krger  properly-propor- 
tioned  sizes  the  same  amount  of  surface  roughness 
opposed  to  the  sewage  matter  is,  comparatively,  of  no 
effect.  The  judicious  inclination  and  form  of  the 
bottom,  and  properly  curved  junctions,  are  the  principal 
points  to  be  attended  to.  Smaller  drains  tile-bottomed, 
with  brick  or  stone  sides,  and  flat-covered,  have  one 
great  advantage  over  circular  pipes,  t  They  can  be 
opened  up,  for  examination  and  repairs  at  any  time 
with  facility,  and  at  the  smallest  expense ;  but  greater 
certainty  must  be  attached  to  the  working  of  snuM 
stone-ware  drains  than  to  equally-sized  small  brick  or 
stone  drains,  and  they  will  be  found,  in  general^ 
also  cheaper.  This,  however,  depends  on  the 
locality* 

It  may  be  observed  in  numerous  experiments,  that 


*  Weisbach  found  the  coefficient  of  resistance  1  '75  times  as  great  for 
smaU  wooden  as  for  metallic  pipes.  All  permeable  pipes  present  greater 
resistance  than  impermeable  ones;  hence  the  principle  advantage 
derived  from  glazing. 

t  Half-socket  joints  at  bottom  wonld  remedy  this  imperfection  in 
small  pipes,  and  they  could  be  better  laid  and  cemented.  A  semi- 
drcnlar  flange  laid  on  at  top  wonld  effectually  protect  the  joint  on  the 
upper  side.  Latterly  Doulton  has  cut  off  an  upper  segment  from  the 
pipe,  which  can  be  removed  for  cleaning.  And  it  maybe  demon- 
strated, that  when  this  is  a  segment  of  78i  degrees,  the  lower  portion 
will  discharge  more  than  a  fuU  pipe  at  the  same  inclination. 
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water  flowing  from  a  pipe  does  not  entirely  fill  the 
orifice  of  exit,  when  the  velocities  are  not  considerable, 
and  yet  the  results  are  found  to  be  but  slightly  affected 
if  a  little  more  than  three-fourths  of  the  circum- 
ference be  full.  It  is  easy  to  demonstrate  that  the 
full  circle  does  not  give  the  maximum  discbai^ing 
velocity  as  baa   been   generally  believed,  but  when 


Fig.  sin. 


to    the     height  of 

the  chord  ac  of  arc  a  e  c 

of  78J  degrees,  and  where 

the    velocity     is     9J    per 

cent,  over  that  due  to  the 

full    circle,    for  then  the 

area  ad  c  . 

— =—  IS  a  nuuumam, 

arc   ad  e 

and  the  length  of  the  arc 

adc  is  equal  to  the  tangent 

of    the    supplemental  arc 

a  e  c,  as  may  be  without  difficulty  demonstrated.    The 

hydraulic  mean  depths  of  the  circle  and  lai^er  segment 

are  to  each  other  as  '5  to  '6,  and  their  square  roots, 

which  are  as  the  velocities  or  scouring  powers,  are  as 

1  to  1'095.     The  discharging  powers  are  to  each  other 

as  1  X  3-1416  to  1-095  x  2-946,  or  as  1  to  1'026, 

which  shows  that  the  segment  adc  has  also  a  greater 

discharging  power  than  the   whole    circle   of  nearly 

three  per  cent.    These  iacts,  which  were  first  pointed 

out  by  the  author,  are  not  unimportant  in  matters 

connected  with  drain-pipes  and  sewerage.     The  eSJects 

of  greater  velocity  and  dischai^e  here  pointed  out,  are 

sometimes    increased,  in  short  pipes,   from   the  fall 

between  the  surface  a  c,  and  the  surface  from  which 
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the  head  is  measured,  beiug  greater  than  the  fall 
to  the  top  of  the  pipe  at  e,  or  from  the  inclination  of 
the  surface  of  the  water  in  the  pipe  being  greater  than 
the  inclination  of  the  pipe  itself. 


EQUALLY  DISCHARaiXG  CHANNELS. 

In  order  that  different  channels  should  have  the 
same  discharging  power,  the  inclination  of  the  surface 
being  the  same,  the  areas  must  be  inversely  as  the 
square  roots  of  the  hydraulic  mean  depths.  The 
channel  a  d  cb.  Fig.  85,  will  have  the  same  discharge 
as    the    channel  a  d  c  b  if  they  be   to  each    other 


as 


a  D  c  B 


f 

1  A  D   +  D  C   + 


C  B 


}'W» 


a  d  CB 


d  +  d  c  +  c 


^Y' 


and  hence  the  square  root  of  the  cube  of  the  channel 
area,  divided  by  the  border,  must  be  constant.  With 
a  fall  of  one  or  more  feet  to  a  mile,  two  channels,  one 
70  feet  wide  and  1  foot  deep,  and  the  other  20  feet 
wide  and  2^  feet  deep,  will  have  the  same  discharge. 
K  ti7  be  put  for  the  width  and  d  for  the  depth  of  any 
rectangular  channel,  then 

\  — ^ — —-=-  J-    =  m:  and  thence  the  cubic  equation 
\  w  +  2d   )  '  ^ 

(122.)  (?  - 


2m^ 


w 


z 


d  = 


rnr 
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for  finding  the  depth  d  of  any  other  rectangulai* 
channel  whose  width  is  w^  of  the  same  discharging 
power.  The  depths  d  for  different  widths  of  channel 
have  been  calculated  from  this  equation,  assuming  a 
width  of  70  feet  and  different  depths  to  find  m  from. 
The  results  are  given  in  Table  XI.,  which  will  be 
found  sufficiently  accurate  for  all  practical  purposes, 
when  the  banks  are  sloped,  by  taking  the  mean  width. 
This  table  is  equally  applicable  to  any  measures  what- 
ever, to  their  multiples,  and  sub-multiples. 

If  the  hydraulie  inclinations  vary,  then  the  V  r  « 
must  be  inversely  as  the  areas  of  the  channels  when 

V  r  «  X  channel  or  the  discharge  is  constant ;  and  il' 
the  area  of  the  channel  and  discharge  be  each  constant, 
r  must  vary  inversely  as  s  ;  and  r  s  be  also  constant. 
For  instance,  a  channel  which  has  a  fall  of  four  feet 
per  mile,  and  a  hydraulic  mean  depth  of  one  foot,  will 
have  the  same  discharge  as  another  channel  of  equal 
area,  having  a  hydrauUc  mean  depth  of  four  feet,  and 
a  fall  per  mile  of  only  one  foot.  If  id  Table  XII. 
the  same  discharge  be  taken  from  the  columns  for 
different  inclinations,  the  mean  rectangular  dimensions 
corresponding  to  them  in  the  first  column, will  be 
found,  and  thereby  an  engineer  be  enabled  to  select 
an  equally  discharging  channel  from  Table  XI., 
suited  to  an  increase  or  decrease  of  the  hydraulic 
inclination.* 
The  next  table  at  p.  270,  of  equally  discharging 

*  Tables  by  the  Author  similar  to  nmnbers  XI.,  XIL,  and  XIII. 
bat  on  a  much  more  extended  scale,  have  been  printed  and  published 
on  a  separate  sheet  for  office  use,  and  may  be  had  from  the  pub- 
lisher.^ 
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river  channels^  with  a  primary  channel  having  a  mean 
width  of  100,  instead  of  70>  as  in  Table  XI.  has  been 
calculated ;  and  in  the  table  at  p.  271  are  given  the 
discharges  at  different  inclinations  from  this  new 
primary  channel,  to  find  those  from  its  equivalents. 
The  tables  at  pp.  28,  29,  271,  and  Table  VIII., 
have  also  been  calculated  from  Du  Buat's  formula. 
For  slow  velocity  of  only  a  few  inches  per  second, 
the  dimensions  should  be  increased  by  about  one-sixth, 
and  the  discharges  by  about  one-half. 

With  reference  to  pipes,  it  is  appainnt  that  a  given 
depth  of  roughness  or  contraction  arising  from  any 
cause  will  have  a  greater  effect  the  smaller  the  diameter 
becomes.  Now  in  practice,  it  is  necessary  to  increase 
the  diameter  beyond  what  is  found  by  calculation. 
For  small  service  pipes  half-an-inch  is  the  smallest 
diameter  in  general  use.  For  mains  and  sub-mains 
the  value  of  c  in  equation  (74b),  or  at  p.  196,  should 
at  least  be  doubled,  or  the  discharge  taken  at  one  and 
a  half  times  its  amount  to  find  the  diameter.  By 
enlarging  the  diameter  by  one-seventh,  one-half  the 
amount  will  be  added  to  the  discharge,  very  nearly ; 
and  by  increasing  the  diameter  by  one-third,  the 
discharge  will  be  doubled.  In  a  broad  and  practical 
sense,  and  considering  the  losses  arising  from  deposi- 
tions,* pipes  under  two  inches  should  have  one-third 

*  Mr.  Bateman  fonnerly  in  giving  evidence,  says  : — '*  He  wished  to 
mention  a  circnmstance  which  might  be  usefnl  with  regard  to  the 
spongillfle  fonnd  in  the  Dublin  water  pipee.  At  Manchester,  before  the 
intiodnction  of  soft  water,  the  city  was  supplied  with  hard  water, 
which  favoured  the  growth  of  a  small  fresh-water  mussel,  which 
thickly  line  the  reservoirs  and  pipes.  There  were  myriads  of  them, 
and  they  lay  in  the  pipes  as  thick  as  paving  stones.     These  were 


TABLE  qf  mean  widtk$  and  depika  qf  equally  dieekaroing  trapexddal  Sieer-ekannele, 
or  Seven,  with  tide  tHopee  up  io  2\  to  1.  PraelieeUlu  all  river-ckanneU  ntag  be  re- 
duced to  rectangular  eeeUone  of  equal  area*  and  deptke  to  find  the  diaekarge.  See 
Table  XI. 


Mean  reetaafalar  dimcnalons  of  etnaOf  diadiar^f  watar-fhaniifli  or  Mwrn, 
In  any  ntaaanxta  whAterer,  iBdwCtieet,  Tvds,  fiuhOHU,  or  their  aliquot  parU, 

or  miutiplc*. 


Mean 

width 

100 


•1 

•125 

•2 

•26 

•3 

•376 

•4 

•6 

■6 

•625 

7 

•75 

•8 

•875 

•9 
l-O 
1125 
1-2 
1-25 
1-8 
1-875 
1^4 
1-5 
1-6 
1-025 
1-7 
1-75 
1-8 
1-875 
1-9 
2-0 
21 
2-2 

•8 

•4 

•6 


Mean 

width 

80 


2-6 
2-7 
2-8 
2-9 
3-0 
31 
3-2 

3 -a 

3-4 
3-6 
3-6 
3-7 
3*8 
3*9 
4-0 
41 
4-3 
4*3 
4-4 
4-5 
A-6 
4-7 
4-8 
4-9 
5-0 


•11 

•13 

•21 

•27 

-32 

-40 

•43 

•54 

-64 

•67 

•75 

-80 

-86 

•94 

•97 

1-07 

1-21 

1-29 

1-36 

1-40 

1-48 

1-50 

1-61 

1-72 

1-76 

1-83 

1*88 

1-93 

2-02 

204 

2-16 

2-26 

2-37 

2-47 

2-58 

2-69 

2*80 

2-91 

3-01 

312 

8-2S 

3-34 

345 

3-55 

3-66 

8-77 

8-88 

3-99 

4*09 


-20 
31 
42 
58 
64 
74 
85 
4-96 
6-07 
518 
5^29 
5-40 


Mean 

Mean 

width 

width 

80 

70 

-12 

•13 

•14 

-16 

•23 

•26 

•29 

•32 

•85 

•38 

•44 

•48 

-46 

•51 

•58 

•64 

•70 

•76 

•73 

79 

•81 

•89 

•87 

•95 

93 

102 

1-02 

1-12 

105 

1-15 

116 

1-27 

1-31 

1-48 

1-40 

1-53 

1-46 

160 

1-61 

1-66 

1-60 

1-76 

1-63 

179 

1-75 

1-92 

1-86 

2-05 

1-89 

2-08 

1*98 

2  17 

2  04 

2^24 

2  10 

2'30 

219 

2-40 

2-22 

2-43 

2-83 

2-56 

2-45 

2-69 

2-57 

2-82 

2-69 

2  95 

2-80 

3-08 

2-92 

3-21 

3  04 

3-34 

3'16 

3-47 

8-27 

3-60 

8-39 

373 

3-51 

3-86 

8-63 

8-99 

3-75 

4-13 

8-86 

4-26 

3-98 

4-39 

410 

4-52 

4-22 

4  65 

4-34 

478 

4-46 

4-91 

4-58 

5-05 

4  69 

5-18 

4-81 

5-31 

4-93 

5-44 

5-06 

6-57 

5-17 

571 

5*29 

5-84 

6-47 

6  97 

5-58 

6-10 

5-64 

6-24 

6-76 

6-37 

6  •88 

6-50 

Mean 

width 

60 


•14 
•17 
•28 
•36 
-42 
•53 
•56 
71 
•85 
•88 
•99 
1^06 


1- 

1- 

1- 

1- 

1- 

1- 

1 

1- 


■13 
24 
27 
42 
-60 
70 
78 
-85 
1-96 
199 
2-14 
2^28 
2-32 
2-48 
2-50 
2-67 
2-68 
2-71 
2-86 
301 
3-15 
3-80 
3-44 
3-69 
3-74 
8-88 
4-03 
4^18 
4-42 
4-47 
4-62 
4-77 
4-92 
606 
■21 
•36 
-51 
-66 
■81 
96 
611 
6-26 
6-41 
6-56 
6  72 
6-87 
702 
717 
7-32 


5- 
5- 
5- 
5- 
5- 
5- 


Mean 

width 

to 


•16 
•20 
•32 
•40 
•48 
•60 
•64 
•80 
•96 
100 
1-12 
1-20 
1-29 
1^40 
1-45 
1-61 
1-81 
1-94 
2-02 
2-10 
2-23 
2-27 
2-43 
2-60 
2-64 
2-76 
2-85 
2-93 
8  05 
8^10 
8-26 
3-48 
8^60 
8'77 
8-94 
4  11 
4-28 
4*56 
462 
4-79 
4-96 
613 
30 
-48 
65 
82 
6-00 
6-17 
6-35 
6-52 
6  70 
6-87 
706 
7-23 
7-40 
7-58 
776 
7-94 
8  12 
8-29 
8-47 


5- 
6- 
5- 
6- 


Mean 

width 

40 


•18 
•23 
•37 
•46 
•66 
•70 
•74 
•93 
112 
1-16 

rai 

1*41 
1-50 
1-64 
1-69 
1-88 
213 
2-27 
2-37 
2-47 
2-62 
2*66 
2-86 
3-06 
311 
3-26 
3-86 
3-45 
8-60 
3-66 
8-86 
4  06 
4-26 
4*46 
4-87 
4^67 
6-08 
5-28 
5-49 
670 
5-91 
612 
6-33 
6-54 
6-75 
6-96 
7-18 
7*89 
7  60 
7-8-2 
8-04 
8-25 
8-47 
8-69 
8-91 
9-13 
9-36 
9-67 
9-79 
10-02 
10-24 


Mean 

width 

10 


1- 
1- 
1- 


•22 
•28 
•45 
•66 
•68 
•85 
•91 
14 
87 
43 
1-61 
1-73 
185 

2  02 
2-08 
2^82 
2-63 
281 
2-94 
306 
3-25 

3  •SI 
8-56 
8'81 
8-87 
4-06 
4^19 
4-82 
4-51 
4-57 
4-83 
5-09 
6-36 
6-62 
6^89 
6^16 
642 
6  69 
6-97 
7^24 
7-52 
7-79 
807 
836 
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or  more  added  to  their  calculated  dimensions,  and 
larger  pipes  from  one-third  to  one-seventh  —  even 
after  making  allowance  for  junctions,  bends,  and  con- 
tractions. For  large  conduits  or  channels  the  allowance 
need  not  be  so  large,  if  the  maximum  quantity  to  be 
conveyed  has  been  duly  estimated. 


SECTION    X. 

EFFECTS  OF  ENLABGEMENTS  AND  CONTRACTIONS.      BACK- 
WATER WEIR  CASE. — ^LONQ    AND    SHORT    WEIRS. 

THE   SHANNON. 

When  the  flowing  section  in  pipes  or  rivers  expands 
or  contracts  suddenly,  a  loss  of  head  always  ensues ; 
this  is  probably  expended  in  forming  eddies  at  the 
sides,  or  in  giving  the  water  its  new  section.  A  side 
current,  moving  slowly  sometimes  wpwards^  may  be 
frequently  observed  in  the  wide  parts  of  rivers,  when 
the  channel  is  unequal,  though  the  downward  current, 
at  the  centre,  be  pretty  rapid ;  JEuid  though  it  may  be 
assumed  generally  that  the  velocities  are  inversely  as 
the  sections,  when  the  channels  are  uniform,  this 
cannot  properly  be  done  when  they  are  not,  and  the 

caiued  by  the  large  quantity  of  lime  in  the  water.  He  was  coiions  to 
see  what  would  be  the  effect  of  passing  water  without  lime.  This  was 
done  ten  or  elcTen  years  ago,  and  the  result  was  that  these  mussels 
had  entirely  disappeared.  There  was  no  longer  anything  from  which 
they  could  make  their  shells,  and  for  years,  on  their  discharge,  the 
small  pipes  were  fotmd  choked  with  them.  If  soft  water  were  supplied 
to  Dublin  in  place  of  the  present  hard  water,  which  probably  favoured 
the  growth  of  spongillse,  they  would  probably  disappear."  This  has 
been  since  done,  and  Dublin  has  been  supplied,  from  the  Yartiy,  with 
most  satisfactory  results  as  to  quality,  quantity,  and  cost 
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motions  so  uncertain  as  those  referred  to.    When  a 

pipe    is    contracted    by    a 

diaphragm  at  the  orifice  of 

entry,  Fig.  27,  it  was  shown 

(equation  60),  that  the  loss 

of  head  is, 

(1  —  ^  itr*  -4- 1   ^    —  1  ■  «* 
,  ,.,„  ,  . cV        \a  Cj        ) 

U^».)         /» 2^ 

Wlien  the  diaphragm  is  placed  in  a  uniform  pipe, 
Fig.  36,  then  a  =  c,  and  the  loss  of  head  is 


(124.)  t  =  ii"'       ' 


2 


^9 

and  the  coefficient  of  resistance 

(126.)  c;  =  lJ^-  lY, 

as  in  equation  (67).  The  coefficient  of  discharge  c^  is 
here  equal  to  the  coefficient  of  contraction  Cq,  or  very 
nearly.  Now  it  is  shown  in  equation  (45),  and  the 
remarks  following  it,  that  the  value  of  the  coefficient 
of  discharge,  c^,  varies  according  to  the  ratio  of  the 

A 

sections,  ~  ,*  and  in  Table  V.  we  have  calculated  the 

*  The  empirical  value  of  e;«  as  given  by  Professor  Bankine,   is 

•618 
c.  =-7 :Txif  which  is  equal  to  unity  when  o  =  A,   as  it 

should  bo  ;  and  equal  to  *618,  when  a  is  very  small,  compared  with  a, 
as  it  also  should  be  when  the  diaphragm  is  a  thin  plate,  but  not  other- 
wise. If  the  thickness  of  the  diaphragm  be  twice  the  diameter  of  the 
orifice  a,  the  coeflEicient  of  discharge  would  be  *816  ;  and  if  the  higher 
arris  be  rounded,  this  would  be  incraased  to  1,  in  which  cases  the  ex- 
pression would  clearly  fail ;  the  thickness  of  the  diaphragm  and  the 
form  of  the  aperture  a  must  also  be  consirlered.  T 
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new  coefficients  for  different  values  of  the  ratios^  and 
different  values  of  the  primary  coefficient  Cd-  If  c^^ 
when  A  is  very  large  compared  with  a,  be  '628,  then 
by  attending  to  the  remarks  at  pp.  101  and  108,  it  is 
found,  that  the  different  values  of  c^  corresponding  to 

•807  X  -,  taken  from  Table  V.,  are  those  in  columns 
a 

Nos.  2  and  6  of  the  next  small  table,  the  values  of  the 


TABLE  OF  C0EFFI0IENT8  FOB  COinilA.GTION,   BY  A  DIAFHBAOM 

IK  A  PIFB. 


a 

a 

— 

Ca 

c. 

— 

Ca 

Cr 

A 

A 

•0 

•628 

infinite 

•6 

•718 

1-790 

•1 

•680 

221^2 

•7 

•758 

•807 

•2 

•636 

471 

•8 

•807 

•801 

•8 

•647 

17^2 

•86 

•845 

•154 

•4 

•661 

7-7 

•9 

•890 

•062 

•6 

•688 

3-7 

1 

1^000 

•000 

coefficient  of  resistance,  in  columns  3  and  6,  being 
calculated  from  equation  (125)  for  the  respective  new 
values  of  the  coefficient  of  discharge  thus  found.  The 
table  shows  that  when  the  aperture  in  a  diaphragm  is 
-i^ths  of  the  section  of  the  pipe,  that  47  times  the  head 
due  to  the  velocity  is  lost  thereby.  If  the  aperture  in 
the  diaphragm  be  rounded  at  the  arrises,  the  loss  will 
not  be  so  great,  as  the  primary  coefficient  c^  will  then 
be  greater  than  that  due  to  an  orifice  in  a  thin  plate : 
see  the  Table  of  Coefficients,  p.  169. 

When  there  are  a  number  of  diaphragms  in  a  tube, 
the  loss  of  head  for  each  must  be  found  separately, 
and  all  added  together  for  the   total  loss.      If  the 
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diaphragms,  however,  approach  each  other,  so  that 
the  water  issuing  from  one  of  the  orifices  a,  Fig.  86^ 
shall  pass  into  the  next  before  it  again  takes  the 
velocity  due  to  the  diameter  of  the  pipe,  the  loss  will 
not  be  so  great  as  when  the  distance  is  sufficient  to 
allow  this  change  to  take  place.  This  view  is  fully 
borne  out  by  the  experiments  of  Eytelwein  with  tubes 
1'03  inch  in  diameter,  having  apertures  in  the  dia- 
phragms of '51  inch  in  diameter. 

Venturi's  twenty-fourth  experiment,  with  tubes 
varying  from  '75  inch  to  "934  inch  in  diameter  at  the 
junction  with  the  cistern,  so  as  to  take  the  form  of 
the  contracted  vein,  and  expanding  and  contracting 
along  the  length  from  '75  to  2  inches  and  from  2 
inches  to  '75  inch  alternately,  shows  the  great  loss  of 
head  sustained  by  successive  enlargements  and  con- 
tractions of  a  channel,  even  when  the  junction  of  the 
parts  is  gradual.  Calling  the  coefficient  for  the  short 
tube,  with  a  junction  of  nearly  the  form  of  the  con- 
tracted vein,  1,  then  the  following  coefficients  are 
derivable  from  the  experiment : — 

Short  tube  with  rounded  junction       .        .        .1* 

One  enlargement *741 

Three  enlargements '569 

Five  enlargements *454 

Simple  tube  with  a  rounded  junction  of  the  same 
length,  36  inches,  as  the  tube  with  the  five 

enlaiged  parts *786 

The  head,  in  the  experiment,  was  32|  inches.  Venturi 
states  that  no  observable  differences  occurred  in  the 
times  of  discharge  when  the  enlarged  portions  were 
lengthened  from  3^  to  6^  inches.  See  tables,  pp.  146 
and  199. 

T  2 
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With  reference  to  this  experiment,  so  often  quoted, 
it  is  necessary  to  remark  that  the  diameters  of  the 
enlarged  portions  were  2  inches  each,  while  the  lengths 
varied  only  from  8^  to  6J  inches,  and  consequently 
were  at  most  only  8 J  times  the  diameter.    Now  with 

such  a  large  ratio  of  the 
width  to  the  length  of  the 
enlarged  portions,  aAB  5, 
Fig.  87,  it  is  pretty  clear 
that  a  good  deal  of  the 
head  is  lost  by  the  im- 
pact of  the  moving  water  on  the  shoulders  at  a  and  b. 
That  this  is  so  is  evident  from  the  fact,  stated  by  the 
experimenter,  of  the  time  of  discharge  remaining  the 
same  when  a  a,  in  five  different  enlargements,  was 
increased  from  8^  to  6^  inches ;  though  this  must 
have  lengthened  the  whole  tube  from  86  to  60  inches,* 
thereby  increasing  the  loss  from  friction  proportion- 
ately, but  which  happened  to  be  compensated  for  by 
the  reduction  in  the  resistances  from  inpact  at  a  and 
B,  and  in  the  eddies,  by  doubling  the  lengths  from  a 
to  A. 

If,  however,  the  length  from  a  to  a  be  very  large 
compared  with  the  diameter,  and  the  junctions  at  a, 
A,  B,  and  5,  be  weU  grafted,  less  loss  will  arise  from 
the  enlargement  than  if  the  smaller  diameter  continued 
all  along  uniform.  The  explanation  is  clear,  as  the 
resistance  from  friction  is  inversely  as  the  square 
roots  of  the  mean  radii;   and  the  length  being  the 


*  The  dimensions  throughout  this  experiment  are  given  as  in  the 
original,  viz.,  in  French  inches. 
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same,  the  loss  must  be  less  with  a  large  than  a  small 
diameter. 

These  remarks,  mutatis  mutandis,  apply  equally  to 
rivers  as  to  pipes.  The  effects  of  submerged  weirs 
and  contracted  river  channels  has  been  already  pointed 
out  at  pp.  134  and  141,  and  formulae  given  for  calcu- 
lating them. 

BACKWATER  FROM   CONTRACTIONS  IN  RIVERS. 

A  river  may  be  contracted  in  width  or  depth,  by 
jetties  or  by  weirs ;  and  when  the  quantity  to  be  dis- 
charged is  known,  equations  from  which  the  increase 
of  head  may  be  found  are  given  in  formulae  (9),  (55), 
and  (57).  The  effect  of  a  weir,  jetty,  or  contracted 
channel  of  any  kind,  is  to  increase  the  depth  of  water 
above ;  and  this  is  sometimes  necessary  for  navigation 
purposes,  or  to  obtain  a  head  for  mill  power.  When 
a  weir  is  to  rise  over  the  surface,  then  from  the  length, 
the  discharge  per  minute,  the  coefficient  due  to  the 
crest,  and  the  coefficient  due  to  the  ratio  of  the  sections, 
on  and  above  the  weir,  found  from  Table  V.,  the  head 
can  be  found  from  Table  VI.  For  submerged  weirs 
and  contracted  widths  of  channel,  the  head  can  be  best 
calculated,  by  approximation,  from  the  equations  above 
referred  to. 

The  head  once  determined,  the  extent  of  the  back- 
water is  a  question  of  some  importance.  If  f  c  o  d. 
Fig.  88,  be  the  original  surface  of  a  river,  and  a  a  b  f 
the  raised  surface  by  backwater  from  the  weir  at  a,  then 
the  extent  a  f  of  this  backwater,  in  a  regular  channel, 
will  be  from  1*5  to  1*9  times  a  c  drawn  parallel  to  the 
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horizon  to  meet  the  origiiial  surface  in  c.  This  rule 
will  be  found  useful  for  practical  purposes;  but  in 
order  to  determine  more  accurately  the  rise  for  a  given 


length,  Bi  Bj  or  b^  b,  of  the  channel,  it  is  necessary  to 
commence  at  the  weir  and  calculate  the  heights  from  a 
to  B,  B  to  Bi,  and  from  Bi  to  B3  separately,  the  distance 
from  A  to  B3  being  supposed  divided  into  some  con- 
venient number  of  equal  parts,  so  that  the  lengths  a  b, 
B  Bi,  &c.,  may  be  considered  free  from  curvature.  Now, 
as  the  head  a  d  is  known,  or  may  be  calculated  by 
some  of  the  preceding  formulaB,  the  section  of  the 
channel  at  the  head  of  the  weir  also  becomes  known, 
and  thence  the  mean  velocity  in  it,  by  means  of  the 
discharge  over  the  weir.  Putting  a  for  the  area  of  the 
channel  at  a  h,  d  for  its  depth  a  h,  and  f>  for  the  mean 
velocity ;  also  Ai  for  the  area  of  the  channel  at  b  x,  (2i 
for  its  depth,  and  Vi  for  its  mean  velocity;  ia  t^® 
mean  border  between  the  sections  at  a  h  and  b  i ;  rm 


the  mean  hydraulic  depth ; 


,   f)  +  Vi 


the  mean  velocity; 


AD  =  A;  Bo  =  fti;  the  sine  of  angle  o  d  e  =  « ;  and 
the  length  a  b  =  d  o  nearly  =  i ;  we  get  a  x  «?  =  Ai 


X  ri  and  r^  = 


__  A  +  Ai. 


2  6. 


;  but  as,  in  passing  from  b  to 


A,  the  velocity  changes  from  Vi  to  t?,  there  is  a  loss  of 
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head  equal  ^^  "^  ^  ,  and  if  Ct  be  the  coeflScient  of  Mc- 
tioiiy  there  is  a  loss  of  head  from  this  cause  equal  Cf  X 

—  X  — •  hence  the  whole  change  of  head  in 

passing  from  b  to  a  is  equal  to  c^  X  —  X     — - — ^    — 

«y*  —  f^ 

^ Z-.     But  this  change  of  head  is  equal  to  b  e  —  a  d 

=  BO  +  OE  —  AD  =  Ai  +  Z«  —  fe,  whence 
(126.)        fti-ft  =  di«d  =  c,xlx  ^^1+Jl 

or  as  e>i  =  — ,  and  r„  =  ^-7".  ^',   by  a  few  reductions 


and  change  of  signs, 


(127 


.)    h-JH  =  (s-c,xb^x^^x^)l 


A«-   A?         _^. 

^       a!       "^  29' 


and  therefore 


A*  — A* 

h  —  hi 1 —  X 


f  128  )       I  = — ^  ^ 


2Af  -^2^7 

from  which  the  length  {  corresponding  to  any  assumed 
change  of  level  between  a  and  b  can  be  calculated. 
Then^  by  a  simple  proportion  the  change  of  level  for 
any  smaller  length  can  be  found.  To  find  the  change 
of  level  directly  from  a  given  length  does  not  admit  of 
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a  direct  Bolution^  for  the  value  of  %  — •  %2  in  equation 
(127)  involves  Aj,  which  depends  again  on  A  —  Ai,  and 
further  reduction  leads  to  an  equation  of  a  higher 
order ;  but  the  length  corresponding  to  a  given  rise, 
^2,  is  found  directly  by  equation  (128). 

When  the  width  of  the  channel,  w,  is  constant,  and 
the  section  equal  towxd  nearly,  the  above  equations 
admit  of  a  further  reduction  for  ki  =  diw  and  a  =  (2  tr; 
by  substituting  these  values  in  equation  (127)  it  be- 
comes, after  a  few  reductions, 
(129.)    A  -  fti  =  d  -  d| 

V        '      ""    2(^i£7     2flf/  df  2<7' 

or,  as  it  may  be  further  reduced, 

a«0-)     *-*'  =  — ^TOtV^x^- 
Now,  in  this  equation,  for  all  practical  purposes, 


2  di        diw       dw* 
approximately,  h  being  the  border  of  the  section  at 

A  H ;    and   also,  — -^^  =  -=,  approximately,    there- 


fore 


f^ 


«  —  Cf   X    ^  X   ^ 

(181.)        h^hi  = 5 13 X  I; 

1  —  —  X 
d       2g 

and 


""~  '        -  _      *      • 


(132.)  1=  i      ^ 

'       dw       2g 
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Now,  as  T—  =  i  2  flf  =  64"4,  and  the  mean  value  of 

the  coefficient  of  friction  for  small  velocities  Ci  =  '0078, 
then 


64-4  d  «- -0078  -  r" 

(188.)     hi 

h                                             ^        -it   1 ' 

and 

(184.) 

(h-hO  X  (64-4  d  -  2  e») 

64-4  i  a  - -0078  -  »* 

r 

very  nearly.  Having  by  means  of  these  equations 
found  A  B  from  b  o  or  b  e,  and  b  o  from  a  b,  we  can  in 
the  same  manner  proceed  up  the  channel  and  calculate 
Bi  c,  B2  Ci,  &c.,  until  the  points  b,  Bi,  B2  in  the  curve 
of  the  backwater  shall  have  been  determined,  and  until 
the  last  nearly  coincides  with  the  original  surface  of 
the  river.    When  ^i  =  0,  then 

64-4  da-  -0078  - 1^ 

r 

^  ~         64-4  d  -  2  ff~  ^  ^• 

If  equation  (184)  be  examined,  it  appears  that  when 
64'4  d  =  2t^,  I  must  be   equal  to  zero ;    or  when 

d         t^ 

0  =  ftj:!  '  ^^"^^  *^®  height  due  to  the  velocity  v.  When 

1  is  infinite,  64*4  d  must  exceed  2  e^,  and  64*4  d  a  equal 

to -0078  -P^; 
r 

or,  ^^^  =  t^,  and  t^  =  90-9  VTs. 

This  is  the  velocity  due  to  friction  in  a  channel  of  the 
depth  d,  hydraulic  mean  depth  r,  and  inclination  8 ; 
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and,  as  in  wide  rivers  r  =  d  nearly,  v  =  90'9  V  d  s^ 
but  when  the  numerator  was   zero  we  had  from  it 

«?  =  V  32"2  d ;  equating  these  values  of  r,  «  =  '0039 

=—  nearly :  see  p.  183.     Now,  the  larger  the  fraction 

8  is,  the  larger  will  the  velocity  t?  become ;  and  the 
larger  v  becomes,  the  more  nearly,  in  all  practical  cases, 
will  the  terms 

Gi'id  -  2  «?»  and  64-4  d  «  - -0078  ^  f^^, 

r 

in  the  numerator  and  denominator  of  equation  (134), 

approach  zero ;  when  64'4  d  —  2  «*  becomes  zero  first, 

Z  =  0 ;  when  64'4  ds  —  '0078  -  p^  becomes  zero  first, 

T 

I  equals  infinity ;  and  when  they  both  become  zero  at 
the  same  time,  i  =  A  —  ftj,  and  «  =  — -  :   see  p.  183 ; 

856 

if  a  be  larger  than  this  fraction,  the  numerator  in  equa- 
tion (184)  will  generally  become  zero  before  the  denomi- 
nator, or  negative,  in  which  cases  I  will  also  be  zero, 
or  negative ;  and  the  backwater  will  take  the  form  f 

C2  2^2  ^1  ^  ^1  ^9  Fig-  9^9  '^^  A  hollow  at  Cj.  Bidone 
first  observed  a  hollow,  as  f  Ca  b^,  when  the  inclination 

8  was  -.     When  the  inclination  of  a  river  channel 

30 

changes  fi*om  greater  to  less,  the  velocity  is  obstructed, 
and  a  hollow  similar  to  f  Cg  2^2  sometimes  occurs. 
WTien  the  difierence  of  velocity  is  considerable,* the 
upper  water  at  &2  f&Us  backwards  towards  C2  c^^  ^f  ^Q^ 
forms  a  borCy  a  splendid  instance  of  which  is  the  poro- 
rocay  on  the  Amazon,  which  takes  place  where  the 
inclination  of  the  surface  changes  from  six  inches  to 
one-fifth  of  an  inch  per  mUe,  and  the  velocity  firom 
about  22  feet  to  4J  feet  per  second. 
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WEnt  CASE,   LONG  AND   SHORT  WEIBS. 

When  a  channel  is  of  very  unequal  widths,  above  a 
weir,  the  following  simple  method  of  calculating  the 
backwater  will  be  found  sufficiently  accurate,  and  the 
results  to  agree  with  observation.  Having  ascertained 
the  surface  fall  due  to  friction  in  the  channel  at  a  uni- 
form mean  section,  add  to  this  fall  the  height  which  the 
whole  quantity  of  water  flowing  down  would  rise  on  a 
weir  having  its  crest  on  the  same  level  as  the  lower  weir, 
and  of  the  same  length  as  the  width  of  the  channel  in  the 
contracted  pass.  The  sum  wiU  be  the  head  of  water  at 
some  distance  above  such  pass  very  nearly.  A  weir  was 
formerly  constructed  on  the  river  Blackwater,  at  the 
bounds  of  the  counties  Armagh  and  Tyrone,  half  a 
mile  below  certain  mills,  which,  it  was  asserted,  were 
injuriously  affected  by  backwater  tlirown  into  the 
wheel-pits.  The  crest  of  the  weir,  220  feet  long,  was 
2  feet  6  inches  below  the  pit ;  the  river  channel  between 
varied  from  60  and  57  feet  to  128  feet  in  width,  from  1 
foot  to  14  feet  deep ;  and  the  fall  of  the  surface,  with 
8  inches  of  water  passing  over  the  weir  and  the  sluices 
down,  was  nearly  4  inches  in  the  length  of  half  a  mile. 
Having  seen  the  river  in  this  state  in  simimer,  the 
Author  had  to  calculate  the  backwater  produced  by 
different  depths  passing  over  the  weir  in  autumn  and 
winter,  which  in  some  cases  of  extraordinary  floods 
were  known  to  rise  to  8  feet.  The  width  of  the 
channel  about  60  feet  above  the  weir  averaged  120  feet. 
The  width,  2050  feet  above  the  weir  and  550  feet  below 
the  mills,  was  narrowed  by  a  slip  in  an  adjacent  canal 
bank,  to  45  feet  at  the  level  of  the  top  of  the  weir,  the 
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average  width  at  this  place  as  the  water  rose  being  55 
feet.  The  channel  above  and  below  the  sUp  widened 
to  80  and  128  feet.  Between  the  mills  and  the  weir 
there  were,  therefore,  two  passes ;  one  at  the  slip, 
averaging  55  feet  wide  ;  another  above  the  weir,  about 
120  feet  wide.  Assuming  as  above,  that  the  water  rises 
to  the  heights  due  to  weirs  65  and  120  feet  long,  at 
these  passes,  then,  by  an  easy  calculation,  or  by  means 
of  Table  X.,  the  heads  in  columns  two  and  four  of  the 
table  on  the  next  page  were  found,  corresponding  to  the 
assumed  ones  on  the  weir,  given  in  the  first  column. 

As  the  length  of  the  river  was  short,  and  the  hydraulic 
mean  depth  pretty  large,  the  fall  due  to  friction  for  60 
feet  above  the  weir  was  very  small,  and  therefore  no 
allowance  was  made  for  it ;  even  the  distance  to  the 
slip  was  comparatively  short,  being  less  than  half  a 
mile,  and  as  the  water  approached  it  with  considerable 
velocity,  this  was  conceived,  as  tbfe  observations  after- 
wards showed,  to  be  a  sufficient  compensation  for  the 
loss  of  head  below  by  friction.  The  observations  were 
made  by  a  separate  party,  over  whom  the  Author  had 
no  control,  and  it  is  necessary  to  remark,  that  with  the 
same  head  of  water  on  the  weir,  they  often  differed 
more  from  each  other  than  from  the  calculation.  This, 
probably,  arose  from  the  different  directions  of  the 
wind,  and  the  water  rising  during  one  observation,  and 
falling  during  another. 

The  true  principle  for  determining  the  head  at  ^, 
Fig.  89,  apart  from  that  due  to  friction,  is  that  pointed 
out  at  pp.  186  and  141,  but  when  the  passes  are  very 
near  each  other,  or  the  depth  dj.  Fig.  28,  is  small,  the 
effect  of  the  discharge  through  d^  is  inconsiderable  in 
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reducing  the  head,  as  the  contraction  and  loss  of  m«- 
viva  are  then  large,  and  the  head  di  becomes  that  due 
to  a  weir  of  the  width  of  the  contracted  channel  at  a, 
nearly.     The  reduction  in  the  extent  of  the  backwater, 

TABLE  OF  CALCULATED  AND  OBSEBYED  HEIGHTS  ABOVE  M'KEAN's 
WEIR,   NEAR  BENBTTBB,   ON  THE  RIYEB  BLACKWATE&. 


Heights  at 

M'Kean's 

weir  220  feet 

in  Inches. 

Heights  60  feet  ahoye  the 
weir  channel  120  feet  wide. 

1 

Heights  2050  feet  above 

the  weir  channel  55  feet 

wide;  average. 

1 

Calculated 
inches. 

Observed 
inches. 

Calculated 
Inches. 

Observed 
inches. 

li 
2 

8 

4 

5 

6 

7 

8 

9 
10 
11 
12 
18 
15 
18 
21 
24 

2i 

•  •  • 

4i 
6 

7i 

9 
lOi 
12 
18i 
15 
16i 
18 
194 
22i 
27 
31i 
36 

2i 

•  •  • 
■  •  • 

•  •  • 

•  •  ■ 

9 

lOi 

•  «  • 

•  •  • 

•  •  • 

17 

18i 

21 

25 

29i 

34 

4i 

m  •  • 

7i 
10 
12i 
15 
17J 
20 
22) 
24| 
271 
80i 
821 
87 
45} 
58 
60i 

61 

•  •    « 

7 
9 

Hi 
16i 
18i 
20i 
20i 
20 
24 
81 
88 
40 
46 
54 

62        , 
1 

by  lowering  the  head  on  a  longer  weir,  is  found  by 
taking  the  difference  of  the  amplitudes  due  to  the  heads 
at  Qi  Fig.  89,  in  both  cases,  as  determined  from  equa- 
tions (56),  (128),  et  seq.  This  will  seldom  exceed  a 
mile  up  the  river,  as  the  surface  inclination  is  found  to 
be  considerably  greater  than  that  due  to  mere  friction 
and  velocity,  and  hence  the  general  failure  of  drainage 
works  designed  on  the  assumption  that  the  lowering 
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of  the  head  below,  by  means  of  long  weirs,  extends  its 
effects  all  the  way  up  a  channel.  It  is  necessary  to 
treble  the  length  of  a  weir  before  the  head  passing  over 
can  be  reduced  by  one-half.  Table  X.,  even  supposing 
the  circumstances  of  approach  to  be  the  same  :  surely 
several  engineering  appliances  for  shorter  weirs,  during 
periods  of  flood,  would  be  found  far  more  effective  and 
much  less  expensive  than  this  alternative,  with  its 
extra  sinking  up  channel  and  enlarged  weir  basin  for 
drainage  purposes.* 

The  advocates  for.  the  necessity  of  weirs  longer  than 
the  width  of  the  channel,  for  drainage  purposes,  must 
show  that  the  reduction  of  the  head  and  extent  of 
backwater  above  ^,  Fig.  39,  is  not  small,  and  that  the 
effects  extend  the  whole  way  up  the  channel,  or  at  least 
as  far  as  the  district  to  be  benefited.  Practice  has 
heretofore  shown,  that  long  weirs  have  failed  (unless 
after  the  introduction  of  sluices  or  other  appliances)  in 
producing  the  expected  arterial  drainage  results,  not- 
withstanding the  increased  leakage  from  increased 
length,  which  must  accompany  their  construction. 

The  deepening  in  the  weir  basin  a  6  b  e  a  is  mostly 
of  use  in  reducing  the  surface  inclination  between  a  h 
and  A  B  by  increasing  the  hydraulic  mean  depth  ;  but, 
thereby,  the  velocity  of  approach  is  lessened,  and  there- 
fore the  head  at  e  increased.    When  the  length  of  a 

*  When  tills  was  first  written,  in  1849,  the  Author  was  not 
acquainted  with  the  good  common  sense  appliances  of  moveable  weirs 
used  by  the  French,  which  raised  the  levels  at  low  water  to  admit  of 
navigation  ;  and  being  removed,  or  falling  level  with  the  bottom  bed 
in  floods,  permitted  the  full  drainage  of  the  upper  riparian  lands,  when 
most  required. 
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weir  baain  a  e  exceeds  that  point  where  these  two  op- 
posite effects  balance  each  other,  there  will  be  a  gain 
by  the  difference  of  the  surface  inclinations  in  favour  of 
the  long  weir :  but  unless  a  e  exceeds  half  a  mile,  this 
difference  cannot  amount  to  more  than  one  or  two 
inches,  unless  the  river  be  very  small  indeed ;   and  if 


the  channel  be  sunk  for  the  long  weirs  b  a  or  b  at,  it 
sJiould  also  be  sunk  to  at  least  the  same  depth  and  extent 
for  the  short  weirs  b  e,  b  a,  otherwise  there  is  no  fair 
comparison  of  their  separate  merits.  The  effect  of  the 
widening  between  a  b  and  a  b,  the  depth  being  the 
same,  is  also  to  reduce  the  surface  inclination  irom  a 
to  E ;  but,  as  before,  unless  a  e  be  of  considerable 
lengtb,  this  gain  will  also  be  small.  Now  a  b,  at  best, 
is  but  a  weir  the  direct  width  of  the  new  channel  at 
A  B,  and  if  the  length  a  e  be  considerable,  there  is  an 
entirely  new  river  channel  with  a  direct  weir  at  the 
lower  end,  and  the  saving  of  head  effected  arises  en- 
tirely from  the  larger  channel,  with  as  it  were  a  direct 
transverse  weir  at  the  lower  end. 

By  referring  to  Table  VIII.,  it  will  be  found  that 
for  a  hydrauUc  mean  depth  of  5  feet  a  full  of  7^  inches 
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per  mile  will  give  a  velocity  of  2  feet  per  second ;  if 
of  double  the  depth,  a  fall  of  4  inches  will  give  the 
same  velocity ;  and  for  a  depth  of  only  2  feet  6  inches^ 
a  fall  of  12^  inches  is  necessary.  This  is  a  velocity 
much  larger  than  we  have  ever  observed  in  a  deep 
weir  basin,  yet  it  is  easily  perceived  that  the  difference 
in  the  inclinations  for  a  short  distance,  e  a  of  a  few 
hundred  feet,  must  be  small.  If  one  section  be  double 
the  other,  the  hydraulic  mean  depth  remaining  con- 
stant, the  velocity  must  be  one-half,  and  the  fall  per 
mile,  one-fourth,  nearly.  This  would  leave  7i  —  2 
=  5  J  inches  per  mile,  or  1  inch  per  1000  feet  nearly, 
as  the  gain  with  a  hydraulic  mean  depth  of  5  feet  for 
a  double  water  channel.  For  greater  depths  the  gain 
would  be  less,  and  the  contrary  for  lesser  depths. 

Is  the  saving  of  head  and  amplitude  of  backwater 
here  estimated  worth  the  increased  cost  of  long  weirs 
and  the  consequent  necessity  and  expense  of  sinking 
and  widening  the  channels  for  such  long  distances  ? 
Certainly  not ;  indeed,  any  extra  sinking  in  the  basin 
immediately  at  the  weir  i$  absolutely  injurious  by 
destroying  the  velocity  of  approach,  and  increasing  the 
contraction.  The  gradual  approach  of  the  bottom 
towards  the  crest,  shown  by  the  upper  dotted  line 
2)  £  in  the  section,  Fig.  89,  and  a  sudden  overfall,  will 
be  found  more  effective  in  reducing  the  head,  unless 
so  far  as  leakage  takes  place,  that  any  depth  of  sinking 
for  nearly  80  or  100  feet  above  long  weirs. 

In  most  instances,  the  extra  head  will  be  only  per- 
ceived by  an  increased  surface  inclination,  which  may 
extend  for  a  mile  or  more  up  the  channel,  according 
to  the  sinking  and  widening. 
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It  is  a  general  rule  that^  for  shorter  weirs^  the  co- 
efficients of  discharge  decrease ;  this  arises  from  the 
greater  amount  of  lateral  contraction^  and  is  more 
marked  in  notches  or  Poncelet  weirs,  than  for  weirs 
extending  from  side  to  side  of  the  channel ;  but  for 
weirs  exceeding  10  feet  in  length  the  decrease  in  the 
coefficients*  from  thia  cause  is  immaterial^  unless  the 
head  passing  over  bear  a  large  ratio  to  the  length ; 
and  it  may  be  seen  from  the  coefficients,  page  68, 
derived  from  Mr.  Blackwell's  experiments,  that  with 
10  inches  head  passing  over  a  2-inch  plank,  the  co- 
efficient for  a  length  of  8  feet  was  '614 ;  for  a  length 
of  6  feet  -589 ;  and  for  a  length  of  10  feet  '684 ; 
showing  a  decrease  as  the  weir  lengthens,  but  which 
may,  in  the  particular  cases,  be  accounted  for.  Other 
circumstances  which  modify  the  coefficients  were  before 
referred  to,  yet  it  may  be  assumed  generally,  without 
any  error  of  practical  value,  that  the  coefficients  are 
the  same  for  different  weirs  extending  from  side  to 
side  of  a  river.  If,  then,  w  and  Wi  be  put  for  the 
lengths  of  two  such  weirs,  the  relation  of  the  heads  d 
and  di  for  the  same  quantity  of  water  passing  over  is 
given  by  the  following  proportion : — 

and  therefore 

(186.)  di  =  (^V  X  d. 

By  means  of  this  equation,  Table  X.  has  been  calcu- 
lated ;  the  ratio  —  being  given  in  columns  1,  3,  5  and 

7,  and  the  value  of  (— )*  i  or  the  coefficient  by  which 

u 
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d  is  to  be  multiplied^  to  find  di  in  columns  2,  4,  6  and 
8.  It  appears  also^  that  if  the  heads  pasmtg  over  any 
weir  in  a  river  he  taken  in  an  arithmetical  progression, 
the  heads  then  passing  over  any  other  weir  in  the  same 
river  must  also  be  in  oHthmstical  progression,  unless 
the  quantity  flowing  down  varies  from  erogatUm  or 
supply,  such  as  dramng  off  by  mUlraces,  dtc.  If  e^  be 
the  coefficient  for  a  direct  weir,  *94  c^  will  answer  for 
an  obliquity  of  46^,  and  '91  c^  for  an  angle  of  65^. 

In  the  first  edition  of  this  work  though  not  speciall}' 
mentioned,  the  observations  on  this  subject  had  general 
reference  to  the  weirs  constructed  across  the  Shannon 
at  KillaloCy  Meelick,  and  Athlone,  and    elsewhere. 
Since  then  the  failure  of  these  works  is  admitted  by 
ally  although  previously  the  author  stood  alone  in  as- 
sertiDg  that  they  should  fail.     To  expect  that  lowering 
the  head  by  extending  the  weir  would  extend  its 
results  for  miles  up  the  river,  showed  ignorance  of  the 
first  principles  of  river-engineering;    but  when  the 
surface  was  shown  actually  level  on  the  sections  from 
Eillaloe  to  Meelick,  and  Meelick  to  AtUone  on  distances 
of  82  miles,  and  27  miles,  without  any  fall  to  give 
velocity  to  and  convey  off  the  waters  something  like 
wonder  must  be  felt.*     The  French  had  and  have 
several  expedients  for  keeping  up  the  summer  levels, 
all  founded  on  one  sound  principle,  viz. :  the  removal 
of  these  obstructions  before  and  during  floods.    In 
Les  Barrages  a  Hausses  Mobiles,  \  the  separate  panels  or 

*  See  Han  89,  Second  Report,  and  Plans  Nob.  12  and  18  in  Fourth 
Report  of  the  Shannon  Commiasionera. 

t  Vide  Mtooiie  am  lea  barragea  a  Hansaea  Mobilea  par  MM.  Chanoine 
mg6nienr  en  chef  et  Be  Lagr6ne,  inginieur  ordinaire  dea  ponta  et 
chanaaea,  Paris,  1862. 
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doors  of  which  the  weir  is  made  up,  are  laid  lying  at 
the  bottom,  during  floods ;  admitting  the  free  naviga- 
tion of  the  main  channel.  These  are  raised  in  summer, 
and  the  navigation  carried  on  by  means  of  a  lateral 
lock.  When  the  navigation  of  the  main  channel 
cannot  be  maintained  at  any  time,  sluices  which  lift 
entirely  out  of  the  water  are  perhaps  best,  as  they  can, 
for  most  rivers,  be  made  up  to  80  feet  in  width,  as  in 
patent  of  Mr.  F.  0.  M.  Stoney.  The  advantage  of 
both  these  designs  is,  that  the  fall  at  the  site  is  avail- 
able in  full,  not  only  to  discharge  the  water  freely 
through  its  own  depth,  but  also  to  give  extra  velocity 
and  discharge  to  the  under  water  thence  down  to  the 
bottom,  as  in  Fig,  22,  if  the  weir  were  removed.  The 
use  of  the  syphon  (see  equations  (154  to  154  h)  infra,) 
assumes  the  necessity  for  the  fixed  weir;  but  this 
appliance  can  at  no  time  discharge  a  greater  amount 
of  water  than  that  due  to  the  head  or  difference  of 
levels,  but  always  less ;  and  it  has  no  effect  in  increas- 
ing the  discharge  between  the  lower  surface  of  the 
water  and  the  bottom,  which  both  the  other  designs 
have,  and  very  considerably  augment.    See  Section  V. 


SECTION  XL 

BENDS  AND  CUBVES.  —  BRANCH  PIPES.  —  DIFFERENT 
LOSSES  OF  HEAD. — GENERAL  EQUATION  FOB  FIND- 
ING THE  VELOCITY.^ — ^HYDROSTATIC  AND  HYDRAULIC 
PRESSURE. — PIEZOMETER. — SYPHONS. 

The  resistance  or  loss  of  head  due  to  bends  and 

curves  has  now  to  be  considered.      If  a  bent  pipe, 

V  2 
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F  B  c  D  E  G,  Fig.  40,  be  fixed  between  two  cisterns,  so 

as  to  be  capable  of 
revolving  round  in 
collars  at  f  and  a, 
the  time  the  water 
takes  to  sink  a  given 
distance  from  /  to 
F  in  the  upper  cis- 
tern is  found  to  be  the  same,  whether  the  tube  occupy 
the  position  shown  in  the  figure  or  the  horizontal 
position  shown  by  the  dotted  line  Yhcdea.  This 
shows  that  the  resistances  due  to  friction  and  to  bends 
are  independent  of  the  pressure.  If  the  tube  were 
straight,  the  discharge  would  depend  on  the  length, 
diameter  and  difference  of  level  between  /  and  a,  and 
may  be  determined  from  the  mean  velocity  of  discharge, 
found  from  Table  VIII.  or  equation  (79).  Here, 
however,  it  is  necessary  to  take  into  consideration 
the  loss  sustained  at  the  bends  and  curves,  and 
our  illustration  shows  that  it  is  unaffected  by  the 
pressure. 

The  experiments  of  Bossut,  Du  Buat,  and  others, 
show  that  the  loss  of  head  from  bends  and  curves — 
like  that  from  friction — increases  as  the  square  of  the 
velocity ;  but  when  the  curves  have  large  radii,  and 
the  bends  are  very  obtuse,  the  loss  is  very  small. 
With  a  head  of  nearly  8  feet,  Venturi's  twenty-third 
experiment,  when  reduced,  gives — ^for  a  short,  straight 
tube  15  inches  long,  and  1^  inch  in  diameter,  having 
the  junction  of  the  form  of  the  contracted  vein  very 
nearly  "878  for  the  coeflScient  of  discharge.  When  of 
the  same  length  and  diameter,  but  bent  as  in  Diagram 
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I.,  Fig.  40,  the  coefficient  is  reduced  to  *785 ;  and 
when  bent  at  a  right  angle  as  at  h.  Fig.  40,  the  co- 
efficient is  further  reduced  to  *560.  In  these  respec- 
tive cases  we  have  therefore  ** 


1.         r  =  -878  V2flf  A,  and  A  =  1'812  X  ^ 


v" 


2.         v  =  -785  V2aft,  and  A  =  1-628  x  ^ 

^ 

V  =  -560  V  2  ^  A,  and  A  =  8-188  x  ^ 


8. 


9 
showing  that  the  loss  of  head  in  the  tube  h,  Fig.  40, 

from  the  bend,  is  1*876  X  ^r-,  or  nearly  double  the 

^9 

theoretical  head  due  to  the  velocity  in  the  tube.     The 

jt 

loss  of  head  by  the  circular  bend  is  only  *811rr— , 

^9 

or  not  quite  one-sixth  of  the  other. 

Mr.  Mallet's  experiments  with  a  syphon  tube  6''  X 
l^'^f  about  8  feet  long,  suited  for  weir-crests  and  a 
straight  tube  of  the  same  dimensions  every  way  gives 
coefficients  from  *860  to  *874  due  to  the  bend. 

Du  Buat  deduced,  from  about  twenty-five  experi- 
mentSy  that  the  head  due  to  the  resistance  in  any  bent 
tube  ABCDEF6H,  diagram  1,  Fig.  41,  depends  on 
the  number  of  deflections  between  the  entrance  at  a 
and  the  departure  at  h;  that  it  increases  at  each 
deflection  as  the  square  of  the  sine  of  the  deflected 

*  It  is  stated  that  the  time  necessary  for  the  discharge  of  a  given 
quantity  of  water  through  a  straight  pipe  being  1,  the  time  for  an 
equal  quantity  through  a  curve  of  90^  would  be  1*11,  with  a  right 
angle  1*57 ;  two  right  angles  would  increase  the  time  to  2 '464,  and  two 
curved  junctions  to  only  1*23.  Vide  Rbpobt  on  the  Supply  of 
Watbk  to  the  Metropolis,  p.  237,  Avfkshix  No.  8. 
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angle,  abb  for  instance,  and  as  the  square  of  the 
velocit}' ;  and  that  if  ^,  ^i,  ^,  ^3,  &c.,  be  the  number 
of  degrees  in  the  angles  of  deflection  at  b,  c,  D|  e,  &c.y 


then  for  measures  in  French  inches  the  height  %b>  due 
to  the  resistance  from  curves,  is 

n€ta\       h  —  t'^Csin.  V + sin.  Vi + sin.*<^2 + sin.  Vs  +  &c.) 
^^^^•^       ^"^ 8000 

which  for  measures  in  English  inches  becomes 

/'iQfTx       1.   _t?(sin.V+8in.'<^+sin.*<^+8in.^^s+&c.) 
(137.)      ^t, gjg^ 

and  for  measures  in  English  feet, 

/tQQ\       1.       «^(sin.V+sin.Vi+sin.V2+8in.Vs+  &c.) 
(138.)       K 2661 

or,   as  it  may  be  more  generally  expressed  for  all 

measures, 

(189.)     fcb  =  (sin.*^  +  sin.*^  +  sin.V2  +  sin.  ^3  +  &c.) 

=   '00875  v^  in 


X ,  m  which 


8-27/  ""  8-27 flr       266*4 

feet. 

The  angle  of  deflection,  in  the  experiments  from 
which  equation  (136)  is  derived,  did  not  exceed  86^. 
It  has  already  been  shown  that  the  loss  of  head  from 
the  circular  bend  in  diagram  I.,  Fig.  40,  where  the 
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ro       -    .«^^       V* 


angle   of    deflection    is    nearly  45  ,  is  -811  —  = 

•00483  r^,  but  as  the  sin.  45''  =  "707 ;  sin.«45^  =  5 
then  -00483  f?  =  '00966  v^  x  sin.^  46°,  or  more  than 
two  and  a  half  times  as  much  as  Du  Buat's  formula 
would  give ;  and  if  it  be  compared  with  Bennie's 
experiments,*  with  a  pipe  15  feet  long,  ^  inch  diameter, 
bent  into  15  curves,  each  8^  inches  radius,  it  would  be 
found  that  the  formula  gives  a  loss  of  head  not  much 
more  than  one  half  of  that  which  may  be  derived  from 
the  observed  change,  '419  to  '870  cubic  feet  per 
minute  in  the  discharge.     See  p.  298. 

Dr.  Young  t  first  perceived  the  necessity  of  taking 
into  consideration  the  length  of  the  curve  and  the 
radius  of  curvature.  In  the  twenty-five  experiments 
made  by  Du  Bu&t,  he  rejected  ten  in  firaming  his 
formula,  and  the  remaining  fifteen  agreed  with  it  very 
closely.    Dr.  Young  found 

(140.)  K  =  -ooooo^g^P^x^; 

p 

where  ^  is  the  number  of  degrees  in  the  curve  n  p, 
diagram  2,  Fig.  41,  equal  the  angle  n  o  p  ;  p  =  o  n 
the  radius  of  curvature  of  the  axis ;  A^  ^^  head  due 
to  the  resistance  of  the  curve,  and  t;  the  velocity,  all 
expressed  in  French  inches.  This  formula  reduced 
for  measures  in  English  inches  is 

(141.)  j^^-OOOOOU^Pi^Xf^. 

P 

and  for  measures  in  English  feet, 

*  Phaosophical  Transactions  for  1881,  p.  488. 

t  Philosophical  Transactions  for  1808,  pp.  178—175. 
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(142.)  K  =  '^^^^^*f^^^. 

P 
Equation   (140)   agrees  to  -ijih  of  the  whole  with 

twenty  of  Da  Buat's  experiments,  his  own  formula 

agreeing,  so  closely,  with  only  fifteen  of  them.     The 

resistance  must  evidently  increase  with  the  number 

of  bends  or  curves ;  but  when  they  come  dose  upon, 

and  are  grafted  into  each  other,  as  in  diagram  1, 

Fig.  41,  and  in  the  tube  f  b  c  n  £  6,  Fig.  40,  the 

motion  in  one  bend  or  curve  immediately  affects  those 

in  the  adjacent  bends  or  curves,  and  this  law  does 

not  hold. 

Neither  Du  Buat  nor  Young  took  any  notice  of 

the  relation  that  must  exist  between  the  resistance 

and  the  ratio  of  the  radius  of  curvature  to  the  radius 

of  the  pipe.  Weisbach  does,  and  combining  Du  Buat's 

experiments  with  some  of  his  own,  found  for  circular 

tubes, 

(148.)    /«.  =  4x{ -181  + 1-847  (,^y}xf^; 
and  for  quadrangular  tubes, 

in  which  ^  is  equal  the  angle  n  o  p  =  n  i  r,  diagram  2, 
Fig.  41 ;  d  the  mean  diameter  of  the  tube,  and  p  the 

radius  n  o  of  the  axis.    When  ^r—  exceeds  *2,  the  value 

2p 

of  -181  +  1-847  (^y  exceeds  -124  +  8-104  (A¥  , 

and  the  resistance  due  to  the  quadrangular  tube  ex- 
ceeds that  due  to  the  circular  one.  The  author 
arranged  and  calculated  the    following  table  of  the 
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nmaerical  values  of  these  two  expressions  for  the 
more  easy  application  of  equations  (143)  and  (144). 
This  table  will  be  found  of  considerable  use  in  cal- 
culating the  values  of  equations  (148)  and  (144)^  as 
the  second  and  fifth  columns  contain  the  values  of 


•131  +  1-847 


ill- 


and  the  third  and  sixth  colunms 


the  values  of  '124  +  3104  f -^ —  r,  corresponding  to 

different  values  of  ^r— ;  and  it  is  carried  to  twice  the 

2p 

extent  of  those  given  by  Weisbach. 


TABLE  OF  THE  VAL17ES  OF  THE  EXPBE88I0N8. 


•131  +  1 


■»'(-A)' 


and  -124  +  3 


■"'  (If 


d 

Cireolar 

d 

Circular 

^p' 

tab08. 

'    tabM. 

2p' 

tubes. 

tubes. 

•1 

•131 

•124 

•6 

•440 

•643 

•15 

•138 

•128 

•66 

•540 

•811 

•2 

•188 

•136 

•7 

•661 

1-016 

•26 

•146 

•148 

•75 

•806 

1-258 

•8 

•168 

•170 

•8 

•977 

1-545 

•86 

•178 

•203 

*86 

1177 

1-881 

•4 

•206 

•250 

•9 

1-408 

2-271 

•46 

•244 

•314 

•95 

1-674 

2-718 

•6* 

•294 

•898 

100 

1-978 

8-228 

For  bent  tubes,  diagrams  3,  4,  and  5,  Fig.  41,  the 
loss  of  head  is  considerably  greater  than  for  rounded 
tubes.    If,  as  before,  the  angle  n  i  r  be  put  equal  to 


*  The  Talnes  corresponding  to  —  =  ^55  are  ^850  and  -507  for  cir- 
cnlar  and  qoadrangalar  tubes. 
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^9  IB.  being  at  right  angles  to  i  o  the  line  bisecting  the 
angle  or  bend,  then,  by  decomposing  the  motion,  the 

head'  ;r—  becomes  ;r—  X    cos.    (b  from  the  change  of 
2g  2g 

direction ;  and  therefore  a  loss  of  head 

(145.)   Ab  =  (1  -  COS.*  2<f>)^  =  sin.«  2  ^  -^ 

^9  ^g 

must  take  place.    When  the  angle  is  a  right  angle, 
as  in  diagram  4,  cos.  2^  =  0,  and  h-^  =  -^  \  that  is 

to  say,  the  loss  of  head  is  exactly  equal  to  the  theore- 
tical head.    When  the  angle  or  bend  is  acute,  as  in 

diagram  5,  the  loss  of  head  is  (1  +  cos.*  2  4>)  ^r-,  for 

^9 

then  cos.  2  ^  becomes  negative.    Weisbach  does  not 
find  the  loss  of  head  in  a  right  angular  bend  greater 

than  '984  7--  ;   while  Venturi's  twenty-third  experi- 

^9 
ment,  made  with  extreme  care,  p.  298,  shows  the  loss 

to  be  1*876  ;r— .    When  the  pipes  are  long,  however, 
2flf 

the  value  of  ^^>-  is  in  general  small,  and  this  correc- 

^9 
tion  does  not  affect  the  final  results  in  any  material 

degree. 

Bennie's  experiments,*  with  a  pipe  15  feet  long,  ^ 
inch  in  diameter,  and  with  4  feet  head,  give  the  dis- 
charge per  second 

Cubic  Feet 

1.  Straight,  see  table,  p.  146  .     .     .     -00699 

2.  Fifteen  semicircular  bends     •     .     '00617 


*  PhUosopliical  Transactions  for  1831,  p.  438. 
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8.  One  bend,  aright  angle  8^  inches 

from  the  end  of  the  pipe      .     .     "00556 

4,  Twenty-four  right  angles  .     .     .     •00258 
From  these  data  may   be    found  consecutively,   the 
theoretical  discharge   being   '021885   cubic   feet  per 

second,  and  the  theoretical  head  h=:  -^  ,  that 

1.  v  =  -819  V  2^H,  and  therefore  h=    9*82  x  ^ 

, v» 

2.  V  =  -282  V  2  ^  H,    „  „     H=  12-58  x  ^- ; 

, 1? 

3.  V  =  -254  V  2  gr  H,  and  therefore  h  =  15*50  x  g— ; 

4.  z;  =  -116  \/2^H,  „  „  H  =  74-84  X  ^. 
The  loss  of  head,  therefore,  by  the  introduction  of 
16  semicircular  bends,  is  2'76  o — ;  by  the  introduction 

of  one  right  angle,  6'68  x—  ;  and  by  the  introduction 

•7 

of  24  right  angles^  64'62  2~>  or  about  12  times  the 

loss  due  to  one  right  angle.  This  shows  that  the 
resistance  does  not  increase  as  the  number  of  bends, 
as  was  before  remarked,  p.  275,  when  they  are  close  to 
each  other.     The  loss  of  head  from  one  right  angle, 

5'68  o — ,  is  more  than  double  the  loss  from  16  semi- 
n  g 

circular  bends,  or  2*76  tt-.      The  loss  of  head  for  a 

^9 

right  angular  bend,  determined  from  Yenturi's  experi- 
ment,  is  1*876  o^;  formula  (146)  makes  it'o^;  w^d 
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Weisbach's  empirical  formula,  (-9457  sin.  4>  +  2-047 
sin.*  4>)  o— I  makes  it  only  '984  h^.       The  formulie 

now  in  use  give,  therefore,  results  considerably  under 
the  truth.  It  appears  therefore,  that  the  amount  of 
the  velocity  of  the  water  moving  directly  towards  the 
bend  must  be  taken  into  consideration,  and  also  the 
loss  of  mechanical  effect  from  contraction,  and  eddies 
at  it,  as  well  as  the  loss  arising  from  the  mere  change 
of  direction. 

BRANCH  PIPES. 

When  a  pipe  is  joined  to  another,  the  quantity  of 
water  flowing  below  the  junction  b,  diagram  1,  Fig.  42, 
must  be  equal  to  the  sum  of  the  quantities  flowing  in 


the  upper  branches  in  the  case  of  supply;  and  when 
the  branch  pipe  draws  off  a  portion  of  the  water,  as 
in  diagram  2,  the  quantity  flowing  above  the  junction 
must  be  equal  to  the  quantities  flowing  in  the  lower 
branches.  Both  cases  differ  only  in  the  motion  being 
from  or  to  the  branches,  which,  in  pipes,  are  generally 
grafted  at  right  angles  to  the  main,  for  practical  con- 
venience, as  shown  at  h  b,  and  then  carried  on  in  any 
given  direction.     The  loss  of  head  arising  from  change 
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of  dii-ection,  equation  (145),  is  sin.^  2  ^  ^,  in  which 

2  ^  =  angle  a  b  o  ;  but  as  in  general  2  ^  is  a  right 
angle  for  branches  to  mains,  this  source  of  loss  becomes 

then  simply    o~~*    ^  addition  to  this,  a  loss  of  head 

is  sustained  at  the  junction,  from  a  certain  amount  of 
force  required  to  unite  or  separate  the  water  in  the 
new  channel.  In  the  case  of  drawing  off,  diagram  2, 
this  loss  was  estimated  by  D'Aubisson,  from  experi- 
ments by  Genieys,  to  be  about  twice  the  theoretical 

2  v^ 
head  due  to  the  velocity  in  the  branch,  or  -q— ,    so 

that  the  whole  loss  of  head  arising  from  the  junction  is 

to  the  velocity.  In  the  case  of  supply,  the  loss  is  pro- 
bably nearly  the  same.  The  actual  loss  is,  however, 
very  uncertain ;  but,  as  was  before  observed  when  dis- 
cussing the  loss  of  head  occasioned  by  bends,  two  or 

three  times  -^  is  in  general  so  comparatively  small, 

that  its  omission  does  not  materially  affect  the  final 
results.  A  loss  also  arises  from  contraction,  &c.  See 
pp.  171,  172. 

The  calculations  for  mains  and  branches  become 
often  very  troublesome,  but  they  may  always  be  simpli- 
fied by  rejecting  at  first  any  minor  corrections  for  con- 
traction at  the  orifice  of  entry,  bends,  junctions,  or 
curves.  If,  in  diagram  2,  Fig.  42,  h  be  put  for  the 
head  at  b,  or  height  of  the  surface  of  the  reservoir 
over  it ;  h^  for  the  fall  from  b  to  a  ;  h^  for  the  fall 
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from  B  to  D ;  Z  equal  the  length  of  pipe  from  b  to  the 
reservoir ;  l^  equal  the  length  b  a;  l^  equal  the  length 
B  D ;  r  equal  the  mean  radius  of  the  pipe  b  c ;  r^  the 
mean  radius  of  the  pipe  b  a  ;  r^  the  mean  radius  of 
B  jy;  V  the  mean  velocity  in  b  c  ;  r.  the  velocity  in 
B  A ;  and  v^  the  velocity  in  b  d^  we  then  find,  by  means 
of  equation  (78),  the  fall  from  the  reservoir  to  a 
equal  to 

(146.)  A+ft.=(«r  +  c,x^)^+(l  +  c,x^j^; 
the  fall  from  the  reservoir  to  d  equal  to 

(147.)    h+h={c,  +  cx^)fg+(l+c,x^)fg; 

and,  as  the  quantity  of  water  passing  from  c  to  b  is 

equal  to  the  sum  of  the  quantities  passing  from  b  to 

a  and  from  b  to  d, 

(148.)  V  r^=v^rl+v^rl. 

By  means  of  these  three  eqiiations  any  three  of  the 

quantities  h,  hg^,  h^,  r,  r^  r^,  b,  b^  b^,  can  be  found,  the 

others  being  given.    Equations  (146)  and  (147)  may 

be  simplified  by  neglecting  c^,  the  coefficient  due  to  the 

orifice  of  entry  from  the  reservoir,  and  1,  the  coefficient 

of  velocity.     They  will  then  become 

(I      ^      k      vl\ 

and 

(149.)      /i+fc,=c,x(^x^+^x^). 

The  mean  value  of  Ct  for  a  velocity  of  4  feet  per 

second  is  •005741,  and  of  ^,  -0000891.  The  values 
for  any  other  velocities  may  be  had  from  the  table  of 
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coefficients  of  friction  given  at  p*  229.    When  i,  A, 
and  r  are  given,  the  velocity  t;  can  be  had  from  the 

(2a    r  h\ 
—  X  -y-  j,  oif  more  immediately  from 

Table  Vin. 


GENERAL  EQUATION  FOR  THE  MEAN  VELOCITY. 

A  general  equation  for  finding  the  whole  head  h, 
and  the  mean  velocity  v,  in  any  channel;  and  to 
extend  equations  (78)  and  (74)  so  as  to  comprehend 
the  corrections  due  to  bends,  curves,  &c.,  can  now  be 
given.  Designating,  as  before,  the  height  due  to  the 
resistance  at  the  orifice  of  entry  by 

h,  and  the  corresponding  coefficient  by  e, ; 

hf  the  head  due  to  friction,  and  c,  the  coefficient  of  friction ; 

h^  the  head  due  to  bends,  and  e^  the  coefficient  of  bends ; 

\  the  head  due  to  curres,  and  c.  the  coefficient  of  curves  ; 

\  the  head  due  to  erogation,  and  e.  the  coefficient  of  erogation ; 

h^  the  head  due  to  other  resistances,  and  e.  their  mean  coefficient 

then  evidently 

(160.)  TL  =  K  +  h'\'K  +  K  +  K+K+  2^; 

that  is  to  say,  by  substituting  for  %,,  hf,  &c.,  their 
values  as  previously  found, 

H  =  (l  +  0  2^  +  ^f;:X2^  +  CbX  2^ 

^  i;*  ^ 
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or,  more  briefly, 

/  I  \   ^ 

(151.)      H=^l  +  C,+  C,  X-+C5  +  Ce+Ce+C^J2^; 

from  which  may  be  found 

(152.)    «=  ji  +  ^  +  c,  X  ^-  +  Cb  +  Ce  +  c.  +  cJ  • 

It  is  to  be  observed  here,  that  for  very  long  uniform 
channels,  the  value  of  the  mean  velocity  will  be  found 

m  general  equal  to  <  — 7-7 —  r  ,  as  the  other  resist- 
ances and  the  head  due  to  the  velocity  are  all  trifling 
compared  with  the  Mction,  and  may  be  rejected  without 
error ;  but,  as  before  stated,  it  is  advisable  in  practice, 
when  determining  the  diameter  of  pipes,  p.  246,  to 
increase  the  value  of  Cf^  table,  p.  229,  or  to  increase 
the  diameter  found  from  the  formula  by  one-sixth, 
which  will  increase  the  discharging  power  by  one-half* 
See  Table  XIII. 

In  equations  (74)  and  (151),  the  coefficient  of  fric- 
tion Cf  depends  on  the  velocity  v^  and  its  value  can  be 
found  from  an  approximate  value  of  that  velocity  from 
the  small  table  at  p.  229.  If,  however,  both  powers 
of  the  velocity  be  used,  as  in  equation  (88),  then,  when 
II  is  the  whole  head,  and  h  the  head  from  the  surface 
to  the  orifice  of  entry 

a  quadratic  equation  from  which  is  found 

•-  (   _(H::*)2^r         .    /  gal  \%\\_  gd 

\  (l+c,)r+2y6l  ^  \  (l+c,)r  +  2^6l  /   I        (X-^-c^^r  +  ^ghl 
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for  a  more  general  value  of  the  velocity  than  that  given 
in  equation  (74).  If  now  c.  be  put  equal  to  c,  +  c^, 
+  ^c  +^e  +  Cx>  ^  equation  (161)  we  shall  find 

(152a.)     »=  -f       (H-*)2^r      ^  / gal \a  U_  gol 

C(H-cJr  +  2y6«^  V(l+0*"  +  2y6J/    )         (l+cjr  +  2y6i 

for  a  more  general  expression  of  equation  (152),  when 
the  simple  power  of  the  velocity,  as  in  equation  (83), 
is  taken  into  consideration.  For  measures  in  English 
feet,  a  =  -0000223  and  6  =  '0000854,  may  be  taken, 
which  correspond  to  those  of  Eytelwein,  in  equation 
(97).  The  value  of  a  is  the  same  in  English  as  in 
French  measures  ;  but  the  value  of  &  in  equation  (83), 
for  measures  in  metres,  must  be  divided  by  3*2809  to 
find  its  corresponding  value  for  measures  in  English 

feet.  In  considering  the  head  -^  c„  due  to  contrac- 
tion at  the  orifice  of  entry  as  not  implicitly  comprised 
in  the  primary  values  of  a  and  &,  equation  (83),  Eytel- 
wein is  certainly  more  correct  than  D'Aubuisson,  Traite 
d'Hydraulique,  pp.  223  et  224,  as  this  head  varies 
with  the  nature  of  the  junction,  and  should  be  con- 
sidered in  connection  with  the  head  due  to  the  velocity, 
or  separately.  It  can  never  be  correctly  considered  as 
a  portion  of  the  head  due  to  Mction.  In  all  Du 
Buat's  experiments,  this  head  was  considered  as  a 
portion  of  that  due  to  the  velocity,  and  the  whole 

head,  (1  +  c,)  a — >  deducted  to  find  the  head  due  to 

A  g 
friction  and  thence  the  hydraulic  inclination.     The 
following  values  of  a  and  h  were  those  taken  in  the 
equations  referred  to. 
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VALUES   OF  a  AND  h  FOR   MEASURES    IN  ENGLISH   FEET. 

a.  h. 

Equation    (88.)  -0000445     -0000944 

(90.)  -0000173    -0001061 

(94.)  -0000243     -0001114 

(98.)  -0000223    -0000854 

(109.)  -0000189    -0001044 

(111.)  -0000241     -0001114 

„        (114.)  -0000085     "OOOllSO 

Mean  values  for  all^ 

straight  channels,  K  -0000221     -0001040 
pipes,  or  rivers   . ) 
These  mean  values  of  a  and  h  give  the  equation 

r  «  =  -0001040  V   +  ^0000221  v, 
from  which  we  find 

9615  r  «  =  v   +  -21  r , 
and  thence 

(158.)  V  =  (9615  r  «  +  -011)*--105  =  98  s/Ts  -1, 
very  nearly,  suited  to  velocities  of  about  2  feet,  p.  231. 

HYDROSTATIC  AND  HYDRAULIC  PRESSURE. — PIEZOMETER. 

When  water  is  at  rest  in  any  vessel  or  channel,  the 
pressure  on  a  unit  of  surface  is  proportionate  to  the 
head  at  its  centre,*  measured  to  the  surface,  and  is 
expressed  in  lbs.  for  measures  in  feet,  by  62*5  h  s,  in 

*  This  is  only  correct  when  the  snrface  is  small  in  depth  compared 
with  the  head.  If  h  be  the  depth  of  a  rectangular  surface  in  feet,  and 
also  the  head  of  water  measured  to  the  lower  horizontal  edge,  then  the 
pressure  in  lbs.  is  expressed  by  81^  h'  ;  and  the  centre  of  pressure  is 
at  frds  of  the  depth. ' 
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which  H  is  the  head,  and  s  the  surface  expostsd  to  the 
pressure,  both  in  feet  measures.  This  is  the  hydro- 
static  pressure.  In  the  pipe  a  b  c  d  f  e,  Fig.  43,  the 
pressure  at  the  points  b,  c,  d,  f,  and  e,  on  the  sides  of 
the  tube  will  be  respectively  as  the  heads  b  &,  c  c,  d  <{, 
f/,  and  E  e,  if  all  motion  in  the  tube  be  prevented  by 


stopping  the  discharging  orifice  at  e.'  In  this  case  the 
pressure  is  a  maximum  and  hydrostatic ;  but  if  the 
discharging  orifice  at  e  be  partially  or  entirely  open, 
a  portion  of  each  pressure  at  b,  c,  d,  f,  &c.,  is  absorbed 
in  overcoming  the  different  resistances  of  friction, 
bends,  &c.,  between  it  and  the  orifice  of  entry  at  a, 
and  also  by  the  velocity  in  the  tube,  and  the  difference 
is  the  hydraulic  pressure. 

Bernoulli  first  showed  that  the  head  due  to  the 
pressure  at  any  pointy  in  any  tube^  is  equal  to  the 
effective  head  at  that  pointy  minus  the  head  due  to  the 
velocity.  When  the  resistances  in  a  tube  vanish,  the 
effective  head  becomes  .the  hydrostatic  head,  and  by 
representing  the  former  by  h^  and,  adopting  the  nota- 
tion in  equation  (150), 

Aef  =  H—  (*,  +  ht  +  K  +  &c.), 

X  2 
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and  consequently  the  head  due  to  the  hydraulic  pres- 
sure equal 

(158a.)    ftp=A«f  —  2^=H— (A,+A,+Ab+&c.)-  2^- 

If  small  tubes  be  inserted,  as  shown  in  Fig.  48,  at 
the  points  b,  c,  d,  and  f,  the  heights  b  6^,  c  c^,  d  d^t 
p  /*,  to  which  the  water  rises,  will  be  represented  by 
the  corresponding  values  of  h^  in  the  preceding  equa- 
tion ;  and  the  diflference  between  the  heights  c  c^,  f/*, 
at  c  and  f,  for  instance,  added  to  the  fall  from  c  to  f 
will,  evidently,  express  the  head  due  to  all  the  resist- 
ances between  c  and  f.  When  h  =  e  e,  and  the 
orifice  at  e  is  open,  from  equation  (150),  h  =.  hr+ht 

H-  fcv  -f-  Afl  -f-  &c.  +    rt — ',   and   therefore    h^   =   0, 

that  is,  the  pressure  at  the  discharging  orifice  is 
nothing. 

The  vertical  tubes  at  b,  g,  d,  f,  when  properly 
graduated,  are  termed  piezometers  or  pressure  gauges  ; 
they  not  only  show  the  actual  pressure  at  the  points 
where  placed,  but  also  the  difference  between  any  two ; 
D  (2^— B  Vy  for  instance,  added  to  the  difference  of 
head  between  d  and  b,  or  d  <?  will  give  d  cP  —  b  6^ 
-(-  D  d?  for  the  head  or  pressure  due  to  the  resistances 
between  b  and  d.  This  instrument  affords,  perhaps, 
the  very  best  means  of  determining  the  loss  of  head 
due  to  bends,  curves,  diaphragms,  &c.  The  loss  of 
head  due  to  friction,  bend,  diaphragm,  &c.,  between 
K  and  L,  Fig.  48,  is  equal  toxi  —  LZ-f-xr.  Km 
be  the  same  distance  from  LasKis,  l2  —  Mm  will  be 
the  height  due  to  the  friction  (l  and  m  being  on  the 
same  level) ;  therefore  xi  —  lZ  +  kv  —  l  I  +  Vim 
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=  K  i  +  Ki;  +  Mm  —  2L{is  the  head  due  to  the 
diaphragm  and  bend  both  together.  If  the  diaphragm 
be  absent,  the  head  due  to  the  bend  is  found,  and  if 
the  bend  be  absent,  the  head  due  to  the  diaphragm  is 
had  in  like  manner. 

When  the  discharging  orifice,  as  at  e,  is  quite  open, 
we  have  seen  that  the  pressure  there  is  zero;  but 
when,  as  at  g,  it  is  only  partly  open,  this  is  no  longer 
the  case,  and  the  hydraulic  pressure  increases  from 
zero  to  hydrostatic  pressure,  as  the  orifice  decreases 
from  the  full  section  to  one  indefinitely  small  compared 
with  it.  A  piezometer,  placed  a  short  distance  inside 
o,  will  give  this  pressure ;  and  the  difference  between 
it  and  the  whole  head  will  be  the  head  due  to  the 
resistances  and  velocity  in  the  pipe  :  firom  which,  and 
also  the  length  and  diameter,  the  discharge  may  be 
calculated  as  before  shown.  Again,  by  means  of  the 
head  m  m^,  and  that  due  to  the  velocity  of  approach, 
the  discharge  may  be  found  through  the  diaphragm  o ; 
see  equation  (45)  and  the  remarks  following  it.  This 
result  must  be  equal  to  the  other ;  and  in  this  way  the 
formulae  may  be  tested  anew  or  corrected  by  the 
observed  results. 

The  velocity  of  discharge  of  the  tube  a  c  d  e,  may 
be  calculated  by  means  of  any  piezometric  height 
c  c^ ;  for  by  putting  the  whole  fall  from  c^  to  e  equal 

to  hJ,  then,  disregarding  bends,  t^  =  ]         n  ^  [  ,   in 

which  ZJ  =  c  e.  This  is  evident  from  equation  (152), 
as  it  is  supposed  that  no  part  of  the  head  is  absorbed 
in  generating  velocity,  or  in  overcoming  the  resistance 
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of  bends.    If  the  bend  at  d  were  taken  into  considera- 
tion, then  t;  =  *  ** 


SYPHONS. 

If  one  end  of  an  open  tube  be  placed  in  water  and 
the  air  withdrawn,  the  water  will  rise  and  fill  the  tube 
to  a  height  corresponding  to  the  atmospheric  pressure 
at  the  time,  but  in  practice  it  is  advisable  to  reduce 
this  to  about  26  feet.  When  the  tube  is  bent,  as  0  c  r 
in  diagrams  1, 2, 8  and  4,  Fig.  43a,  water  can  be  raised 
to  this  height  over  the  level  of  that  on  the  side  c  o 
and  discharged  at  any  lower  level  on  the  side  c  b. 
The  available  head  or  pressure  /  is  the  difference  of 
level  between  the  upper  and  lower  water  when  the 
latter  rises  over  the  end  r;  and  when  below  r, 
Ai  zz:  ft  +  /,  or  the  difference  of  level  between  the 
upper  water  and  the  lower  end  of  the  bent  tube  or 
syphon  is  the  head.  It  is  advisable  to  have  the  lower 
end  R  immersed,  and  hence  c  r  longer  than  c  o,  but 
this  is  not  essential ;  as  long  as  there  is  an  effective 
head  the  arms  may  be  of  the  same  or  unequal  lengths, 
and  the  water  will  flow  off  at  r,  from  the  syphon  o  c  r, 
as  well  as  at  r  from  the  syphon  o  c  r,  but  with  the 
difference  of  velocity  due  to  the  heads  at  r  and  r. 
The  lengths  of  the  arms  c  o,  c  r,  are  however  made  to 
suit  the  circumstances  of  each  case.  In  diagram  1 
the  upper  water  is  at  the  top  of  the  syphon;  in  2  below 
it ;  in  8  above  it.  In  diagram  4  the  arms  of  the 
syphon  are  of  the  same  length  and  the  orifice  of  entry 
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0  and  of  discharge  b  at  the  same  level.  The  water  in 
both  vessels  finally  settles  at  a  common  level  t  t^^  and 
fills  the  syphon  all  round  in  which  it  is  maintained  at 


rest  by  the  atmospheric  pressure  on  the  surface  of  the 
common  level  t  t^. 

In  calculating  the  discharge  the  circumstances  to  be 
considered  are :  The  available  or  effective  head  /; 
the  form  of  the  orifices  of  entry  at  o  and  of  discharge 
at  r;  the  length;  the  hydraulic  mean  depth  of  the 
section^ — rectangular  or  circular ;  and  the  bend  at  c 
with  any  smaller  bends  adjoining  o  and  r  to  suit  the 
form  o  c  R  of  the  weir.  K,  as  like  in  formula  (68)  to 
(70L)y  a  be  put  for  the  area  of  the  section^  then 

ic^a  v^  2gf,  or 
(154.)      D  =  s  481*5  Cd  a  y/~fy  feet  measures  in  one 

C  minute, 

in  which  the  value  of  c^  depends  on  the  preceding  con- 
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siderations.  At  pp.  146  and  199  the  values  of  c^  for 
velocities  of  about  eighteen  inches,  and  twenty  feet,  are 
given,  and  by  interpolation  intermediate  values  for  in- 
termediate or  even  higher  velocities  can  be  determined ; 
the  effects  of  bends  are  considered  pp.  291  to  300, 
and  taking  both  together  c^  can  be  found  suited  to  the 
form  and  dimensions  of  the  given  syphon. 

If  the  length  of  the  syphon  —  which  is  generally 
rectangular  for  engineering  works — be  50  times  the 
hydraulic  mean  depth,  that  is  equivalent  to  12|  mean 
diameters,  then  the  table  p.  199  gives  *759  for  the 
value  of  Cd  in  a  straight  tube.  Taking  the  coefficient 
due  to  the  bend  at  about  '867,  the  value  of  c^  due  to 
the  length  of  this  syphon  and  to  the  bend  at  the  crest 
of  the  weir,  is  "759  X  '867  or  •658.  Hence  eqn.  (154) 
becomes  in  round  numbers 

'  D  =  817  a  V7    for  a  length  of    50  mean 

radii;  also  may  be  found 

D  =  298  a  \/7~for  a  length  of  100  mean 

radii;  and 

D  =  268  a  Vyfor  a  length  of  200  mean 
^  radii, 

for  the  discharge  in  cubic  feet  per  minute.  If  the 
syphon  were  longer  in  proportion  to  the  hydraulic 
mean  depth,  these  results  would  become  still  less,  and 
more  if  the  orifice  of  entry  were  rounded. 

In  Weale's  Quarterly  Papers  of  Engineering, 
vol.  vi.,  p.  51,  Mr.  Mallet,  in  a  letter  dated  10th  Aug., 
1848,*  addressed  to  Major-Qeneral  Sir  John  F.  Bur- 

*  At  this  time  Sir  John  evidently  appears  to  have  lost  faith  in  long 
solid  weirs  as  a  panacea  for  the  Shannon  drainage,  and  in  the  self-esteem 
of  the  Shannon  Commissioners  on  this  hobhy  of  theirs. 


(154a.) 
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goyne,  B.E.9  then  Chairmaii  of  the  Board  of  Public 
Works  in  Dublin^  gives  the  result  of  experiments  on  a 
rectangular  syphon  tube  with  a  section  of  six  inches 
wide  by  one-and-a-half  inch  deep,  or  area  of  nine 
square  inches.  The  length  of  the  syphon  is  not 
given,  but  from  the  drawings  given  we  infer  it  to  be 
80  inches,  and  of  the  general  form  given  in  diagrams  1, 
2  and  8,  Fig.  48a,  but  "slightly  bell-mouthed"  at  the 
''  entrance  and  discharging  terminations."  A  straight 
tube  of  the  same  length  and  form  was  made,  and  the 
time  of  discharging  24  cubic  feet  of  water  from  each 
with  the  same  heads  was  as  follows  : — 


Heads  in  Inches. 

Time  in  secmicls 
for  syphon. 

Time  in  seconds 
for  straight  tube. 

lOi 
13i 

78 
67J 

67 
59 

The  head  of  10^  inches  gives  by  calculation  from 
these  experiments,  '860  for  the  coefficient  of  discharge 
due  to  the  bend  over  the  crest ;  and  the  head  of  18^ 
inches,  a  coefficient  of  '874;  which  shows  that  the 
resistance  from  the  bend  was  less  for  a  greater  velocity. 
Mr.  Mallet  also  found  that  with  an  effective  head  of 
8  inches,  24  cubic  feet  were  discharged  in  89  seconds. 
This  gives,  by  calculation,  the  coefficient  '658  for  all 
the  resistances  due  to  the  orifice  of  entry  friction  in 
the  tube  and  bends.  Taking  the  coefficient  of  the 
bend  here  at  *850  as  due  to  a  lesser  head,  this  gives 
•774  for  that  due  to  friction  and  the  orifice  of  entry. 
Another  experiment,  with  a  head  of  11|  inches,  gave  a 
discharge  of  24  cubic  feet  in  78  seconds.      This  is 
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equivalent  to  a  coefficient  of  'eSG  for  all  resistances, 
and  dividing  by  -860  for  the  bend,  •740  is  found  for  the 
friction  and  orifice  of  entry.     Again 


Experimtntfl,  dischax^  of 
24  cubic  feet. 

CalcuUted  results. 

Heads  In 
inches. 

Time  in 
seconds. 

General 
coefficient. 

Coefficient 
for  bend. 

Coefficient 
for  friction 
and  orifice. 

12J 

13 

144 

76i 

78 

67i 

•632 
•631 
•640 

•860 
•860 
•874 

•788 
•734 
•782 

The  effective  head  here  to  calculate  the  results  from, 
exceeds  by  f  inch  or  half  the  depth  of  the  tube,  that 
taken  by  Mr.  Mallet,  as  in  the  effective  head  taken  by 
him  this  is  omitted,  but  the  8-inch  head  agrees  with 
that  he  has  taken,  the  error  being  eliminated  by  taking 
a  difference.  Taking  the  mean  general  coefficient  of 
these  results  at  *  636,  the  discharge  is  expressed  by  the 
equation 

(154b.)  d  :=  481-5  X  -636  a  \/'f=  306  a  xA/T 
the  discharge  in  cubic  feet  per  minute  for  feet  measures. 
This  is  less  than  that  before  given  by  our  eqn.  (154a)  by 
about  3}  per  cent. 

The  application  of  the  syphon  for  the  discharge  of 
surplus  waters  is  of  great  value,  and  the  head  can  be 
increased  to  any  extent  not  exceeding  tlie  difference  of 
level  between  the  upper  and  lower  water.  It  is  not  the 
object  here  to  enter  into  the  question  of  construc- 
tion, or  the  means  of  withdrawing  the  air  or  putting 
the  apparatus  to  work,  but  a  comparison  between  its 
advantages,  lifting-sluices,  and  Les  Barrages  Hausses 
Mobiles  has  been  already  entered  into  at  p.  291. 
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SECTION  XIL 

RAIN-FALL,  —tCATCHMENT     BASINS. DISCHARGES     INTO 

CHANNELS. — DISCHARGE    FROM    SEWERS. — LOSS   FROM 
EVAPORATION,  ETC. 

A  catchment  basin  is  a  district  which  drains  itself 
into  a  river  and  its  tributaries.  It  is  bounded  gene- 
rally by  the  summits  of  the  neighbouring  hills,  ridges, 
or  high  lands  forming  the  water-shed  boundary;  and 
may  vary  in  extent  from  a  few  square  miles  to  many 
thousands ;  that  of  the  Shannon  is  4,544  square  miles. 
The  average  quantity  of  water  which  discharges  itself 
into  a  river  will,  cateria  paribus,  depend  on  the  extent 
of  its  catchment  basin,  and  the  whole  quantity  of  rain 
discharged  on  the  area  of  the  catchment  basin,  includ- 
ing lakes  and  rivers. 

The  quantity  of  rain  which  falls  annually  varies 
with  the  district  and  the  year;  and  it  also  varies  at 
different  parts  of  the  same  district.  The  average 
quantity  in  Ireland  may  be  taken  at  about  34  inches 
deep,  that  which  falls  in  Dublin  being  27  inches,  in 
Armagh,  average  of  14  years,  85  inches ;  in  Killaloe, 
average  of  17  years,  43  inches ;  in  Galway,  average  of 
11  years,  46  inches;  and  that  in  Cork  41  inches 
nearly.  The  average  yearly  fall  in  Dublin  for  seven 
years,  ending  with  1849,  was  26*407  inches ;  and  the 
maximum  fall  in  any  month  took  place  in  April,  1846, 
being  5*082  inches.  "  The  average  fall  in  inches  per 
month  for  seven  years,  ending  with  1849,  was  as 
follows: — October,  3*060;  August,  2*986;   January, 
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TABLE  shotoing  Summer  Diaeharges  of  some  English  Rivers,  as  eol- 
leeted  frojn  varums  auihoritiea,  re-arranged,  shvwing  to  some  extent 
the  effect  of  Springs  in  supplying  Channels  in  different  places. 


NAMES  OF  RIVERS. 


Gkde,  at  Hunton 
Bridge,  chalk    . 

Lea,  at  Lea  Brid^, 
chalk.  (Rennie, 
April,  1796) 

Loddon  (Feb.  1850), 
green  sand    .     . 

Medway,  driest  sea- 
sons (Rennie, 
1787),  clay 

Medway,  ordinary 
summer  mn 
(Rennie,  1787), 
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oolites  and  Ox- 
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Yenilam,  at  Bnshey 
Hall,  chalk 
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shalton,  chalk   . 
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2-644  ;  April,  2-608 ;  November,  2*800 ;  July,  2-116 ; 
June,  2-005;  December,  1-988;  September,  1-860; 
May,  1-814;  March,  1-789;  February,  1-684."*  A 
gauge  at  Londonderry,  1796  to  1801,  gives  81  inches 
average ;  one  at  Belfast,  from  1886  to  1841,  gives  86 
inches;  at  Mountjoy,  Phoenix  Park,  182  feet  above 
low  water,  1889  and  1840,  there  is  an  average  of  83 
inches ;  and  at  the  College  of  Surgeons,  62  feet  over 
low  water,  the  average  is  80  inches  for  the  same  two 
years.  Sir  Robert  Kane  assmnes  that  86  inches  is 
the  average  fall  in  Ireland,  and  that  out  of  that 
depth  12  inches,  or  one-third,  passes  on  to  the  sea, 
two-thirds  being  evaporated  and  taken  up  by  plants. 
The  quantity  varies  a  good  deal  with  the  altitude 
of  the  district.  In  parts  of  Westmoreland  it  rises 
sometimes  to  140  inches;  in  London,  an  average 
of  20  years'  observations  gives  a  fall  of  nearly  25 
inches. 

The  tabular  information  has  been  obtained  from  Mr. 
Hughes'  book,  from  Bennie's  reports,  and  other 
sources.  The  effect  of  the  geology  and  fissures  in  the 
chalk  and  mountain  limestone  formations  on  the 
springs  of  a  catchment  basin,  and  on  the  summer 
discharge,  should  be  carefully  noted  as  one  of  the 
elements  entering  into  catchment  basin  statistics. 
Indeed,  the  maximum  and  minimum  discharges  from 
catchments  are  of  as  much  importance  to  the  engineer 
as  the  averages,  and,  for  many  purposes,  more  impor- 
tant. There  was  abundant  opportunity  of  acquiring 
this  information  for  all  our  Irish  rivers,  but  we  are  not 
aware  if  it  was  turned  to  any  useful  account  for  science. 

*  Proceedings  of  the  Boyal  Irish  Academy,  yol.  v.,  p.  18. 
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Thorough-drainage  increases  the  supply  and  dis- 
charge. Every  catchment  h(mn  has,  however,  its  own 
peculiar  data,  and  a  knowledge  of  these  is  necessary 
before  we  can  draw  any  correct  conclusions  for  new 
waterworks  in  connection  with  it.  It  may  be  remarked, 
however,  that  any  conclusions  drawn  from  experiments 
on  the  supply  of  tributaries,  particularly  in  high  dis- 
tricts, are  wholly  inapplicable  to  the  main  channel  into 
which  they  flow.  The  flow  into  tributaries  and  mountain 
streams,  or  rivers,  is  always  more  rapid  than  into  main 
channels  and  rivers  in  flat  districts,  and  the  supply 
from  springs  often  forms  a  large  portion  of  the  water 
flowing  in  them.  Heretofore,  however,  little  depend- 
ence can  be  placed  on  gaugings  unless  the  manner  in 
which  they  were  obtained  was  fiilly  described. 

Forty  years'  observation  at  Greenwich,  Kent,  at  155 
feet  above  the  level  of  the  sea,  gives  the  foUowing 
results : — 


Desdiption  of  faU.                 Winter. 

Spring. 

SumxDcr. 

Entire 
yean. 

Mean  annual  fall  .        .        .    . 

Mazimnin  fall ;  being  a  mean  of 
five  of  the  wettest  years  daring 
forty  years     .... 

Minimum  fall ;  beiDg  a  mean  of 
five  of  the  driest  years  during 
forty  years         .        .        .     . 

inches 
7*86 

11-05 

6*22 

inches 
7*26 

10*86 

4*05 

inches 
10*47 

14*96 
6*80 

inches 
25*48 
25*58 

34*00 
36*87 

18*40 
16*07 

In  this  table  Winter  comprises  November,  December, 
January,  and  February;  Spring,  the  next  four  months ; 
and  Summer,  the  months  of  July,  August,  September, 
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and  October.  The  last  column  contains  means  of  two 
classes  of  years:  the  first  figures  showing  the  ordinary 
years  from  January  to  December,  and  the  second, 
under  the  first,  years  from  November  to  October.* 
We  see  here  that  the  mean  maximum  is  fully  double 
of  the  mean  minimum,  and  about  one-and-a-half 
times  the  mean  annual  fall,  and  therefore  the  necessity 
for  calculating  from  the  minimum  fall  for  all  water 
works  in  which  it  is  an  element,  and  from  the  maxi- 
mum for  sewerage  works  where  it  is  not  intended  to 
pass  off  a  portion  on  the  surface  or  through  other 
available  channels. 

In  the  district  surrounding  the  Upper  Bann  re- 
servoirs in  the  County  Down,  the  average  fall  for 
thirteen  years  has  been  46  inches  at  a  level  of  6  feet 
over  the  top  water  of  Lough  Island  Heavy  Beservoir ; 
and  Mr.  John  Smith,  the  engineer  of  the  work,  says 
that  there  is  a  loss  of  one-third  in  absorption  and 
evaporation;  but  as  the  rainfall  is  greater  on  the 
higher  ground  than  at  the  gauge,  only  one-half  of  the 
whole  rain£Edl  is  probably  available.  Mr.  Manning 
found  for  the  Woodbume  river,  with  a  rainfall  of  86 
inches,  a  flow  of  21*6  inches  was  produced,  or  about 
three-fifths,  which  was  distributed  as  follows : — 

Six  months,  November  to  May,  14*766  fall,  and 

14*851  flow ; 
Six  months,  May  to  November,  21*101  fall,  and 
7*857  flow. 

In  Keswick,  the  average  fall  is  said  to  be  67^^  inches, 
and  in  Upminster,  Essex,  only  19^^  inches.    Indeed,  it 

*  See  Mr.  James  Simpson  in  the  Metropolitan  Main  Drainage  Re- 
port, 1867,  p.  116. 
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is  requisite  to  obtain  the  fall  from  observation  for  any 
particular  district,  when  it  is  necessary  to  apply  the 
results  to  scientific  purposes ;  and  not  the  mean  average 
fall  alone,  but  also  the  maximums  and  minimums  in  a 
series  of  years  and  months  in  each  year. 

Mr.  Symons  gives  (see  Builder  for  1860,  p.  230) 
the  following  heavy  falls  of  rain  during  1859: — 
Wandiworthf  June  12th,  2*17  inches  in  two  hours; 
Manchestery  August  7th,  1*849  inches  in  twenty-four 
hours ;  Southampton^  September  26th,  2*05  inches  in 
two-and-a-quarter  hours;  Truro,  October  25th,  dur- 
ing the  day,  2*4  inches.  The  mean  falls  in  the  South 
Western  Counties,  89*1  inches ;  in  the  South  Eastern 
Counties,  80*2  inches ;  in  the  West  Midland  Counties, 
28  inches ;  in  the  Eastern  Counties,  25*4  inches ;  in 
the  North  Midland  Counties,  24  inches  ;  in  the  North 
Western  Counties,  89  inches ;  in  the  Northern  Coun- 
ties, 55  inches ;  and  the  average  of  all  England,  81'857 
inches. 

As  an  instance  of  extraordinary  rain-fall,  in  con- 
nection with  the  sewage  question,  it  is  stated  that  4 
inches  of  rain  fell  in  one  hour  in  the  Holbom  and 
Finsbury  sewers'  district,  on  the  1st  of  August,  1846 ; 
at  Highgate,  8*5  to  8*8  inches ;  and  at  Greenwich, 
0*95  inches.*  In  India,  the  intensity  of  the  rain-fall 
varies  from  half  an  inch  to  5  inches  in  an  hour. 

In  the  upland  districts  about  Manchester,  Mr. 
Homershamt  gives  the  result  of  observations  at 
Fairfield,  Bolton,  Bocksdale,  Maiple,  Comlis  reser- 
voir, Belmont,   Chapel-en-le-Frith,  and  Whiteholme 

*  Metropolitan  Main  Drainage  Report,  p.  16. 

t  Report  on  the  Supply  of  Water  to  Manchester. — ^Weale. 
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reservoir,  for  four  years.  These  give  a  maximum  fall 
of  61*4  inches  at  Behnont  Sharpies  in  1847,  and  a 
minimum  of  24'8  at  Whitehohne  reservoir  in  1844, 
the  general  average  for  the  four  years  being  42*49 
inches. 

April  is  the  driest  month,  and  October,  or  about  it, 
the  wettest  month,  and  the  fall  during  different  years 
varies  sometimes  as  much  as  two  to  one  in  the 
same  district. 

The  proportion  between  the  quantity  which  falls, 
and  that  which  passes  from  a  catchment  basin  into 
its  river,  also  varies  very  considerably.  When  the 
sides  of  a  catchment  basin  are  steep  and  staunch,  and 
the  water  passes  off  rapidly  into  the  adjacent  river  or 
tributaries,  there  is  less  loss  by  evaporation  and  perco- 
lation than  when  they  are  nearly  flat.  The  soil, 
subsoil,  and  stratification  have  also  considerable  effect 
on  the  proportion.  Beservoirs  being  generally  con- 
structed adjacent  to  steep  side  falls,  give  a  much  larger 
proportion  of  the  quantity  fallen  than  can  be  obtained 
from  rivers  in  flatter  districts  ,*  besides,  the  quantity  of 
rain  which  falls  on  the  high  summits,  near  reservoirs, 
almost  always  considerably  exceeds  the  average  fall. 
As  640  acres  is  equal  to  1  square  mile,  and  one  acre  is 
equal  to  43,560  square  feet,  a  fall  of  one  inch  of  rain 
is  equal  to  8,680  cubic  feet  per  acre,  and  to  8,680  x 
640  =  2,828,200  cubic  feet  per  square  mile  :  the  pro- 
portion of  this  fall,  for  each  acre,  or  square  mile  of 
the  catchment  basin,  which  enters  the  river,  must 
depend  entirely  on  the  district  and  local  circumstances, 
the  full  or  maximum  quantity  being  retained  on  lakes. 
A  stream  delivering  58  cubic  feet  per  minute  constantly 
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for  twelve  months  supplies  an  equivalent  to  12  inches 
of  rain-fall  collected  per  square  mile,  and  1  inch  of 
rain  collected  from  each  square  mile  of  catchment 
gives  a  supply  of  4*42  cubic  feet  per  minute,  and 
6*9  cubic  feet  for  each  1000  acres,  flowing  in  both 
cases  for  twelve  months. 


FLOW  EQUIVALENT  TO  A  RAIN-FALL  OF  ONE  INCH  ON  EACH  SQUARE 
MILE,  AND  1000  ACRES,  FLOWING  REGULARLY,  WITHOUT  LOBS,  FOll 
ONE  MONTH  TO  ONE  TEAR. 
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It  is  too  often  taken  for  granted  that  the  discharge 
from  a  catchment  basin  takes  place,  into  the  conveying 
chaimelsy  in  nearly  the  same  time  that  a  given  quantity 
of  rain  falls.  Perhaps  the  largest  registry  on  record 
in  Great  Britain  is  a  fall  of  four  inches  in  an  hour. 
The  maximum  fall  in  any  hour  of  any  year  seldom 
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exceeds  half  of  this  amount,  and  then  perhaps  only 
once  in  several  years.  The  quantity  which  falls  will 
not  be  discharged  into  the  channels  in  the  same  time. 
The  quantity  discharged,  and  time,  will  depend  a  good 
deal  on  the  season  and  district.  The  arterial  channel 
receives  the  supply  at  different  places  and  from 
different  distances,  and  the  water  in  passing  into 
and  from  it  does  not  encounter  the  same  amount 
of  resistance  as  if  it  all  passed  first  into  the  upper 
end.  Less  sectional  area  is  therefore  necessary 
than  if  the  whole  discharge  had  to  pass  through  the 
whole  length  of  the  channel  and  during  the  time  of 
fall.  The  relation  of  the  quantity  of  rain-fall  to  the 
portion  which  flows  into  the  main  channel,  as  well  as 
the  time  which  it  takes  to  arrive  at  it,  and  the  places 
of  arrival,  must  be  known  before  the  proper  size  of  a 
new  channel  can  be  determined,  particularly  sewers  in 
urban  districts.  A  pipe  sufficient  to  discharge  the 
water  from  200  acr^s  need  not  be  20  times  the  dis- 
charging power  of  one  exactly  suited  to  10  acres  of 
the  same  district,  for  the  discharge  from  the  outlying 
190  acres  wiU  not  arrive  at  the  main  in  the  same  time 
as  that  from  the  adjacent  10  acres. 

The  following  table  of  rain-fall,  at  Athlone,  central 
in  Ireland,  was  furnished  to  the  Boyal  Irish  Academy 
by  General  Sir  H.  D.  Jones,  and  is  printed  in  the 
Proceedings.*  The  average  for  four  years  gives  29 
inches,  and  the  effect  on  the  Upper  and  Lower  Sills 
of  the  Lock  as  affecting  the  rise  and  fall  of  the 
Shannon,  affords  valuable  data,  although  not  analysed. 
The  rise  and  fall  on  the  sills  is  the   sum    of  the 

♦  VoL  iv. 
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monthly  risings  and  fallings  for  each  year,  and  most 
be  divided  by  12  to  get  the  average  monthly  rise  and 
fall.  In  1845  the  greatest  rise  was  in  January,  2  feet 
9  inches  at  the  upper  sill,  and  8  feet  11^  inches  at  the 
lower  sill.  In  1846  the  greatest  rise  was  2  feet  5 
inches  in  October,  at  the  upper  sill ;  and  5  feet  6^ 
inches  on  the  lower  sill,  in  August 


Upper  Sm. 

Lower  Sill. 

Maximum  rise  in 

MaTimnm  riae  in 

one  month. 

one  month. 

1845    .     .     . 

2  ft.  9  in.  January 

.     .    8  ft.  Hi  in.  January. 

1846    .     .     . 

2  ft.  5  in.  October 

.    .    5  ft    6i  in.  January. 

1847    .     .     . 

8  ft.  1  in.  November 

.     .    4  ft.    6    in.  May. 

1848    .     .     . 

8  ft.  8  in.  February      . 

.     .    4  ft  11    in.  February 

• 

The  sum 

of  the  risinsfs  and  fc 

illings  for  each  month, 

taken  as  a  mean  of  four  years,  is  nearly  the  same 
at  either  sill.  The  general  average  of  the  rise  and 
fall  for  the  upper  sill,  is  about  1  foot  8^  inches  each 
way,  and  1  foot  lOf  inches  at  the  lower  sill.  These 
would  give  2  feet  7  inches  for  the  average  difference 
of  level  in  the  Shannon  above,  and  8  feet  9^  inches 
for  that  in  the  Shannon  below.  In  Lough  Allen 
catchment  of  146  square  miles,  the  maximum  rise 
was  sometimes  6  inches  in  24  hours,  calculated  at 
'568  inch  of  depth  of  rain,  over  the  catchment  area. 
Above  Killaloe,  the  catchment  is  8611  square  miles, 
and  the  floods  about  once  a  year  rose  6  inches  in 
24  hours,  or  *296  inch  in  depth  of  rain  over  the 
catchment.  Once,  in  1840,  it  is  reported  to  have 
risen  12  inches,  or  *6  inch  of  rain  over  the  catchment 
in  one  day.  ''  The  greatest  observed  flood  in  the 
Shannon  occurred  in  January,   1858,  when  the  dis* 
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charge  of  Killaloe  marked  1,617,000  cubic  feet  per 
minute,  or  '699  cubic  foot  per  acre  of  catchment. 
The  large  floods  in  the  Armagh  river,  county  Galway, 
yield  from  8  to  10  cubic  feet,  and  a  summer  flood  in 
1851  gave  18*02  cubic  feet  per  minute  for  each 
acre."* 


MAXIMUM  DISCBABOE8  OF  THE  8HAN1Y0N  AND  ERNE,   AND  A 
TRIBUTABT  OF  THE  LATTEB,   THE  WOODFORD  RIVER. 


RIVERS  IN  IRELAND. 


Shaxmon  at  KiUaloe,  meunired 
pceviouB  to  the  oommonoe- 
ment  of  Shannon  Works, 
about      

Low«r  Erne,  measured  during 
the  very  bJgh  floods  of  Jan. 
1851,  at  Belleek  .    . 

Upper  Ems,  measured  during 
the  very  high  floods  of  Jan. 
1861,  at  Belturbet  . 

Woodford  Biver,  Counties  of 
Leitrim  and  CaTan,  measured 
during  the  veiy  high  floods 
of  Jan.  1851,  at  Ballyoonnell . 

YeOow  RiTer,  or  upper  portion 
of  the  Woodford  Hiver,  mea- 
sured during  the  ve^  high 
floods  of  Jan.  1851,Co.  Leitrim 


8,000,000 


974,000 


809,000 


90,000 


6,000 


S 


4687-5 

1521-9 

482*8 

140-6 

7-8 


1,000,000 


657,511 


267,7n 


101,035 


52,125 


"I 


0-33 


0-67 


0-8S 


ia2 


10-43 


•8 


si 

ill 

HI 

5f 


211 


429 


531 


717 


6675- 


These  results  show  how  difficult  it  is  to  draw  any 
inference  from  discharge  and  area  of  catchment  alone, 
as  the  discharge,  per  minute  per  acre,  must  vary  with 
the  contour  and  elevation  of  the  district  in  the  same 
course ;    and    with    the   climate,    also,    in    different 


*  Vide  Proceedings  of  the  Institution  of  Civil  Engineers,  Ireland, 
voL  y.  pp.  165  and  166,  and  Paper  read  by  Thomas  J.  Mulvany,  11th 
February,  1851,  vol.  iv.  p.  21. 
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countries.  We  have  ourselves  observed  the  maxi- 
mum discharges  to  vary  up  to  6  cubit  feet  per  minute 
per  acre,  the  lesser  maximums  being  due  to  broad 
flat  districts,  and  the  greater  maximums  to  higher 
and  steeper  districts,  near  the  sources.  In  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.,  from  which  we  have  collected  and 
arranged  some  of  the  foregoing  information,  it  is 
stated,  p.  96,  that  the  ratio  of  the  discharge  to  the 
rain-fall,  on  a  catchment  on  the  Glyde,  of  79,488 
acres,  for  three  months,  ending  March  18th,  1851, 
was  1*49  to  1  up  to  January  18th ;  1*89  to  1  up  to 
February  18th;  and  8*86  to  1  up  to  March  18th, 
making  a  general  average  of  1*59  to  1 ;  the  whole 
rain-fall  for  the  three  months  being  only  5*89  inches, 
while  the  discharge  was  9*85  inches !  We  fancy  there 
is  a  mistake  here.  The  whole  catchment  of  the  Glyde 
is  176,818  acres,  and  there  is  no  data  to  show  the 
discharge  previous  to  or  after  the  rain-fall  from  which 
to  calculate  the  difference  due  to  it  per  se  for  the  three 
months ;  nor  is  the  place  or  method  of  gauging  stated. 
The  supply  from  springs  and  the  actual  discharge 
before  and  after  rain-fall  must  be  correctly  gauged 
before  the  proportion  passing  into  the  main  channel  in 
a  given  time,  can  be  properly  estimated ;  the  results 
just  stated  clearly  contradict  themselves.  The  fol- 
lowing anomalous  results  from  p.  47  of  the  same  work 
are  also  worthy  of  note.  In  five  different  districts  the 
discharge  is  gauged,  or  estimated,  greater  than  the 
fall,  as  shown  in  the  following  table.  It  is  not  stated, 
however,  if  the  depths  passed  off,  estimated  over  the 
catchments,  include  the  flow  before  the  commencement 
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of  the  rain.     If  so  the  results  are  so  far  useless ;  and 
if  they  do  not  include  it,  there  must  be  an  error  some- 


BEAB  11th  kabch,  1851. 


niitrict. 


Saleen       .    . 
Lannagh 
Balla      . 
Mask  and  Robe 

Balla. 


•! 


Biver. 


Saleen     . 

Caatlebar. 

Manulla. 

Robe 

Dalla 

Owenmore 


Catch 

mentin 

Acres. 


2,625 
20,640 
33,500 
70,000 

8,200 
32,000 


Dbcxxbibb  1850. 


"8a 

38, 
3S 


Hi 


!| 


6-26 
5*46 
5-46 

6-527^ 
5-705 


Januabt  1851. 


^, 


l&s 


6-33 


)* 
>» 


til 


^tl 


P.^  o 


9-20 
8-55 
8-18 
7-39 


where.  Indeed,  in  the  Bobe  we  have  evidence  that 
not  more  than  58  per  cent,  passed  from  the  catchment 
to  the  river,  from  Mr.  Betagh's  valuable  paper,  the 
results  of  which  are  arranged  below.  Also,  in  July, 
1850,  it  is  shown  that  in  the  Lannagh  district  only 
*58  inch  in  depth  passed  off  the  catchment  from  a  fall 
of  1*88  inches,  or  about  one-third  of  the  depth.  The 
method  of  determining  this  was  unobjectionable. 
Where  such  discrepancies  as  above  exhibited  exist, 
it  is  important  that  the  method  of  gauging,  and  the 
whole  calculation,  should  be  shown,  in  order  that 
other  engineers  should  be  able  to  judge  of  their 
accuracy ;  otherwise  the  results  should  be  rejected,  no 
matter  under  whose  authority  they  may  be  published. 
But  during  the  operations  of  the  Arterial  Drainage 
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Commission  in  Ireland,  from  1845  up  to  the  year 
1858y  science  was  at  a  discount. 

The  following  information  has  been  collected  and 
arranged  by  us  from  a  paper  by  Mr.  Betagh,  in  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.  In  January  1851,  8*41  inches  of  rain 
feU  in  seven  days,  producing  the  maximum  discharge 
of  85,886  cubic  feet;  while  in  December  1862,8-17 
inches,  also  falling  in  seven  days,  produced  115,656 
for  the  maximum.    At  the  begriming  of  the  first  fall 

TABLES  showing  in  dOaU,  far  the  years  1851  and  1852,  (he  Mmtkiy 
Fall  of  Rain  and  the  corresponding  Discharge  of  the  River  Robe,  eU 
Ballinrobe,  County  Mayo  ;  the  caJtehmenl  hasin  being  70,000  acreSf  or 
110  square  mites;  the  lower  end  100 /(sef,  the  upper  end  836  feet ;  and 
the  average  heighi  of  the  surface  abciu  180  feet  above  the  U»d  of  the 
sea.  The  average  fall  of  the  river,  not  including  the  rapids,  is  from 
one  to  two  feet  per  mile  ;  the  catchment  is  about  20  miles  long,  about 
one-tenth  of  the  area  bog  or  low  marsh,  and  nine-tenths  clayey  and 
gravelly.    The  river  is  dbout  38  miles  long. 


RIVER  ROBE  OBSERVATIONS  IN  1851. 


MONTHS. 


January  . 
February . 
March  .    . 

Ai 


ay 
June. 
July  .  . 
August 
September 
October  . 
November 
December. 


Total 


I 


1| 


9-2 
6-8 
4-4 
3-4 
1-0 
3-8 
8*8 
2-4 
ID 
6-0 
1-3 
2-6 


7-4 
4-7 
S'6 
2*6 
0-8 
0-8 
0-6 

o-« 

0*5 
1-6 
1*2 
2-6 


4fi-6  I  27' 


"Diachsrgt  in  cubic  feet 
per  minute,  from  a  catch- 
ment of  70,000  acrea,  for 
each  month. 


85,886 

72,448 

40,187 

24,200 

6,820 

7,040 

4,020 

17,066 

4,740 

23,980 

12.862 

44,716 


362.740 


20,133 
18,420 
10.800 
6,760 
4,126 
1,114 
1,600 
1,240 
1,200 
6,940 
6,000 
6,210 


83.602 


I 


43,873 

30,410 

20,946 

14.365 

6,001 

4,230 

2,668 

4.866 

2,864 

12.688 

7,827 

14,873 


Diaoham  in  cable  f^et 
per  minute,  per  acre,  for 
each  month. 


1168 
1-034 
•702 
'346 
•083 
•100 
•070 
•243 
•067 
•342 
•183 


163,880  I    4-966 


•287 
-263 
•166 
-062 
*069 
•016 
•021 
•017 
•017 
•099 
•066 
•068 


1189 


-620 
•434 
•300 
-206 
•071 
•060 
•036 
•060 
•040 
•179 
•111 
•205 


2^33 
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RIYER  KOBE  OBSERVATIONS  IN  1862. 
Ccnlinued  frcm  last  page. 


5 

a 

o 

a^ 

^i 

9«4 

MONTHS. 

*.5 

January    . 

7-6 

February  . 

4-8 

March 

10 

April. 
May     .    . 

11 
1-9 

June . 

«'« 

July     .    . 

2-6 

August 

4*5 

September 

1-8 

October    . 

3'9 

November 

5-6 

December. 

120 

Total  . 

581 

n 


I! 


Discharsre  In  cubic  feet 
per  minute,  from  a  catch- 
ment of  70,000  acres,  for 
each  month. 


6-2 
4  3 
0-7 
0-5 
0-4 
1-2 
10 
0*6 
0-6 
It) 
5*2 
0-5 

801 


• 

a 

a 

B 
1 

a 

i 

3 

41,600 

12,862 

56,400 

8,100 

9,600 

2,787 

3,081 

1,468 

8.931 

1,060 

22,764 

1,400 

15,489 

8,172 

8,856 

2,286 

8,427 

2,642 

82.040 

1,114 

45,360 

17,000 

115,656 

23,232 

354,004 

77,098 

I 

< 


28,780 

26,296 

6,702 

2,477 

1,861 

6,547 

6,057 

8,070 

2,874 

5,932 

80,742 

54,846 


175,134 


Diacharse  in  cubic  feet 
per  minute,  per  acre,  for 
each  month. 


S 


-594 
-805 
•137 
056 
•066 
•825 
•220 
•056 
•048 
•467 
•648 
1-657 


5-058 


i 


•188 
-117 
-089 
•020 
•015 
■020 
•045 
-082 
•087 
■016 
•242 
•831 


1-097 


^i 


•410 
-361 
'095 
•036 
•026 
•093 
•087 
•043 
•041 
•064 
-439 
•783 


2-497 


there  was  flowing  26,640  feet,  leaving  the  effects  of 
the  seven  days'  rain  85,886  -  26,640  =  69,196  cubic 
feet,  while  in  the  second  year  the  quantity  flowing  at 
first  was  75,860  cubic  feet,  leaving  the  effects  of  the 
seven  days'  rain-fall  equal  to  115,656—75,360=40,296 
cubic  feet.  The  effect  of  the  previous  state  of  the 
weather  on  the  catchment  must  always  modify,  to  a 
considerable  extent,  the  discharge  from  a  given  rain- 
fall, and  this  has  more  to  do  with  the  results  than  the 
effect  of  arterial  drainage  itself,  unless  so  far  as  one  is 
a  result  of  the  other.  Taking  the  mean  of  1851  and 
1852,  it  appears  that  the  evaporation  and  absorption 
in  the  Ballinrobe  catchment  were  to  the  rain-fall  as 
41*6  to  98*7,  or  about  42  per  cent.  This  is  certainly, 
from  the  nature  of  the  catchment,  less  than  the  average 
through  Ireland,  which  cannot  be  less  than  60  per 
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cent.  In  high,  steep  districts,  fully  three-fourths,  or 
75  per  cent.,  of  the  rain-fall  can  he  collected,  and  at 
times,  when  the  catchment  is  saturated,  nearly  the 
whole  ;  even  in  some  few  limited  cases,  when  springs 
or  hidden  supplies  are  re-tapped,  a  larger  discharge 
may  take  place  than  that  due  to  the  catchment 
and  rain-faU;  hut  these  do  not  affect  the  general 
question. 

The  effects  of  absorption  and  evaporation  are  very 
variable ;  sometimes  58  or  60  per  cent,  of  the  annual 
fall  is  carried  off  in  this  way  from  ordinary  flat  tillage 
soils,  and  other  estimates  are  much  higher;  much,  how- 
ever, depends  on  the  soil,  subsoil,  inclination,  stratifica- 
tion, geological  formation,  and  season.  The  evaporation 
from  water  surfaces  exceeds  the  annual  fall  in  these 
countries  by  about  one-third ;  and  that  from  flat,  marsh, 
and  callow  lands  exceeds  the  evaporation  from  ordinary 
tillage,  porous,  and  high  lands.  When  the  flat  lands 
along  the  banks  of  rivers  extend  considerably  on  both 
sides,  an  extra  fall  is  necessary  into  the  main  channel, 
along  the  normal  drains,  otherwise  such  lands  must 
suffer  from  excessive  evaporation  as  well  as  floods. 
Evaporation  and  absorption  also  vary  with  the 
climate,  but  in  this  country  we  may  safely  assume 
that  one-third  of  the  whole  rain-fall  passes  on  to 
the  sea. 

The  absorption  and  evaporation  must  not,  however, 
be  taken  as  proportionate  to  the  rain-fall.  From  14 
to  16  inches  from  land  (and  about  88  inches  from 
water)  may  be  taken  in  this  country  as  the  allowance 
to  be  made ;  equivalent  to  an  average  of  about 
15  inches.      The    evaporation  from   the    surface  of 
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reservoirs  is  said  to  be  about  4  feet  in  India.     But  it 
is  probably  greater. 

In  a  paper  in  the  Journal  of  the  Royal  Agricultural 
Society  of  England,  vol.  v.  part  1,  1844,  Mr.  Josiah 
Parkes  shows,  that  42^  per  cent,  of  the  whole  annual 
rain  of  England  filters  through  the  soil,  and  67^  per 
cent,  evaporated,  being  the  mean  results  of  eight 
years'  observations,  from  1836  to  1843,  both  included. 
The  mean  evaporation  and  filtration  for  each  month 
during  this  period  are  shown  and  arranged  by  us  in  the 
following  table : — 


Total 
falling. 

Depoaited  in 

MONTHS. 

Bvaporated. 

Remaining. 

tons  and  cubic 
feet  per  acre. 

Inchea. 

Inchea. 

Per 

cent. 

Inches 

Per 
cent 

Cubic 
feet 

Tons. 

January  . 

1-847 

-540 

29-8 

1-807 

70-7 

4,744 

182 

February     ,     . 

1-971 

•424 

21-6 

1-647 

78-4 

6,616 

166 

March     . 

1*817 

•540 

38-4 

1-077 

66-6 

3,910 

109 

April  .        .    . 
May 

1-456 

1-160 

79  0 

0-806 

21-0 

1,111 

89 

1-868 

1-748 

94-2 

0-108 

6-8 

892 

11 

June  •        .    . 

2-218 

2-174 

98-8 

0-089 

1-7 

142 

4 

July        .        . 

2-287 

2-245 

98-2 

0.024 

1-8 

87 

2*4 

August        .     . 

2-427 

2-891 

98-6 

0086 

1-4 

181 

8-6 

September 

2-689 

2-270 

86-1 

0-869 

18-9 

1,839 

37 

October       .    . 

2-828 

1-428 

60-5 

1*400 

49-6 

6,082 

141 

November 

8-887 

0-679 

151 

8-268 

84  9 

11,826 

828 

December    .    . 

1-641 

0164 

00-0 

1-477 

1000 

8,552 

182 

Yearly  averages 

26-614 

15-820 

67-6 

11-294 

424 

40.982 

1145 

The  maximum  quantity,  82*10  inches,  fell  in  1841, 
smd  the  Tninimum  in  1887|  21*10  inches.  The  mRTimiim 
nnd  minimum  quantities  respectively  which  fell  in 
January  were  8*95  and  *81  inches ;  in  Fehruary  2*85 
and  1*02  inches ;  in  March  8*66  and  0*84  inches ;  in, 
April  2*57  and  '84  inches ;  in  May  5*00  and  '70  inches; 
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in  June  8*81  and  1*83  inches ;  in  July  4-86  and  1*80 
inches ;  in  August  8*65  and  0*95  inches ;  in  Septem- 
ber 4*50  and  0*68  inches ;  in  October  4*82  and  1*41 
inches;  in  November  6*77  and  2*06  inches;  and  in 
December  3*02  and  *40  inches.  The  greatest  quanti- 
ties fall  in  September,  October,  and  November,  and 
the  least  in  February,  March,  and  April.  The  general 
mean  tall  for  England  is  said  to  be  81^  inches,  and 
near  London  25  inches. 

The  amount  of  rain  varies,  not  only  at  different 
places  and  different  elevations,  but  also  at  different 
elevations  in  the  same  place.  The  following  table 
shows  the  amount  of  rain  collected  in  each  month  in 
1855  at  Greenwich  Observatory,  at  different  eleva- 
tions : — 


Month  in  1866 

Oder's  aaemo* 

meter  gauge, 

incnee. 

Ontlierocf 

oftha 

Ubrary. 

Cylinder  pertly 

sunk  in  the 

ground. 

Jannaiy 
February 
March  . 
April 
M^y     . 
June 
July     . 
Angnst    . 
Septembei 
October 
Noyembei 
December 

I 

t 

< 
I 

1 

P 

• 

0-2 
0-2 
0-6 
01 
0-5 
0-5 
81 
0-8 
0-8 
2-6 
0-5 
0-4 

10 
1-4 
1-8 
0-1 
1-6 
0-7 
4-8 
0-8 
11 
4-5 
11 
0-9 

1-5 
10 
20 
0  1 
1-8 
0-9 
6-3 
1-4 
20 
6-2 
1-6 
11 

Totals     . 

100 

19-2 

28-8 

The  cylinder  gauge  was  placed  156  feet  above  the 
level  of  the  sea ;  the  gauge  on  the  roof  of  the  library 
22  feet  over  the  cylinder  gauge,  and  Osier's  anemo- 
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meter  gauge  28  feet  higher  than  the  gauge  on  the  roof 
of  the  library.  In  the  valleys  in  the  lake  districts  of 
Westmoreland  and  Cumberland,  the  annual  fall  varies 
occasionally  from  50  to  100  inches,  and  the  maximum 
fall  is  said  to  obtain  at  about  2000  feet  above  the  level 
of  the  sea  on  high  catchments. 

At  Ballinrobe,  a  gauge  placed  on  the  church  tower, 
60  feet  above  the  ground,  indicated  42  per  cent,  less 
rain  than  one  on  the  ground ;  and  another  experiment 
with  a  change  of  gauges,  gave  68  per  cent,  less  at  the 
greater  elevation ! 

At  Kinfauns  Castle,  Scotland,  a  gauge  600  feet 
high  on  a  hill,  gave  41^  inches,  while  one  at  the 
base,  580  feet  lower,  gave  only  25^  inches.  In  Kes- 
wick, the  fall  is  65^  inches,  and  in  Carlisle  only 
SO  inches.  At  Kendal  the  fall  is  60  inches ;  at  Man- 
chester 88  inches ;  at  Lancaster  46  inches ;  at  Liver- 
I>ool  84  inches. 

From  the  28rd  of  February  to  the  6th  of  June,  1860, 
the  rain  at  Dublin  was  8  inches.  At  the  Leefin 
Mountain,  which  is  2000  feet  high,  the  rain  was  18*1 
inches.  From  the  28rd  of  February  to  the  9th  of 
July,  the  rain  at  Dublin  was  10*674  inches ;  and  at 
the  same  time,  on  the  Leefin  Mountains  (over  Ballys- 
mutten),  18*1  inches  ;  that  is,  an  increase  of  nearly  80 
per  cent,  in  that  time.  From  the  28rd  February  to 
the  21st  August,  inclusive,  the  rain-faU  at  Dublin  was 
17  inches ;  at  Blessington  21  inches ;  at  BaUysmutten, 
on  the  site  of  a  proposed  reservoir,  27  inches.  This 
showed  an  increase  over  Dublin  of  10  inches.  It 
would  appear  that  from  50  to  nearly  80  per  cent,  more 
rain  fell  at  BaUysmutten  than  at  Dublin.     It  would 
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however  have  been  more  correct  to  compare  the  rain- 
fall at  Kingstown  or  Bray  with  that  on  the  adjacent 
mountains  than  the  rain-faU  of  Dublin. 

Experiments  were  made  at  York  in  1882,  1833,  and 
1884,  for  the  British  Association,  with  three  gauges 
— ^the  first  placed  on  a  large  grass  plot  in  the  grounds 
of  the  Yorkshire  Museum ;  the  second  at  a  higher 
elevation,  48  feet  8  inches,  on  the  roof  of  the  Museum ; 
and  the  third  on  a  pole  9  feet  above  the  battlements  of 
the  great  tower  of  the  Minster,  at  an  elevation  over 
the  gauge  on  the  ground  of  212  feet  10^  inches.  The 
quantities  received  were  as  follows : — 

Avenge  depth  for 
Depth  for  three  years.         one  year. 
First  gauge.        .        .   .64*430  inches    .    .    21*477  inches 
Second  gauge  .        .     .    52*169      „        .    .     17*389     ,, 
Third  gauge.        .        .     88*972      „        .     .    12*991      „ 

Professor  Phillips  gives  the  following  formula  for 
calculating  the  difference  between  the  ratios  of  rain 
falling  on  the  ground  and  at  any  height  h  in  the  same 
place — f  the  temperature  of  the  season,  and  c  a  co- 
efficient dependent  upon  it ;  then  the  difference  d  is 

cL  ^^^  c  h  —  • 
110 

The  mean  height  at  which  rain  begins  to  be  formed  by 

this  formula  is  1,747  feet  over  the  ground;  and  at 

856  feet  high,  the  depth  which  falls  is  one-half  of  what 

falls  on  the  ground.* 

A  discussion  of  the  mean  temperature  in  connexion 

with  the  fall  of  rain,  was  completed  at  Greenwich  for 

the  years  1852,  1858,  and  1854 ;    and  at  Oxford  for 

♦  Vide  Civil  Engineer  and  Architect's  Journal  for  1860,  p.  167. 
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the  years  1855,  1856,  and  1857.  The  result  shows 
an  average  of  160*8  rainy  days  at  Greenwich  for  each 
year,  and  146*6  at  Oxford.  The  diflference  of  the 
mean  temperatures  of  the  day  of  rain  and  the  day 
hefore  is  less  than  that  of  the  day  of  rain  and  the  day 
after. 

Mean  tempera-   Mean  temperar     Mean  tempe- 
tare,  day         tore,  day  of        ratnre,  day 
before  rain.  rain.  after  rain. 

Greenwich  observations    49-25"*      .    •      49*27**      .    .      48'98'* 

Oxfoid  do.  49*50       .    .      49*68       .    •      49*44 

Dividing  the  winds  into  two  groups,  northerly  and 
southerly,  the  Oxford  observations  give  the  direction 
for  218*5  days'  fair  weather.  The  wind  was  northerly 
for  131*5  days,  and  southerly  for  87  days.  For  the 
remaining  146*5  rainy  days,  the  wind  was  northerly 
for  64*5  days,  and  southerly  for  82  days. 

SEWERAGE. 

"  The  future  population  of  the  suburbs  of  London 
is  calculated  at  80,000  inhabitants  per  square  mile. 
According  to  the  following  data,  some  of  the  densest 
portions  of  our  large  towns  have  a  population  of  220 
persons  to  an  acre.  The  population  on  the  north  side 
of  the  Thames  is  about  75  persons  per  acre,  and  on 
the  south  side  28  persons  per  acre.  Taking  the 
average  density  of  population  in  our  twenty-one 
principal  towns,  there  appear  to  be  5045  inhabitants 
to  the  square  mile;  but,  from  the  following  table, 
extracted  from  Dr.  Duncan's  report  on  Liverpool,  it 
will  be  seen  that  if  we  select  five  of  our  most  populous 
cities,  the  average  in  these  is  much  greater,  while 

in  others,  it  is  equally  certain  that  the  crowding  is 

z 
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far  less  than  the  general  standard  to  which  we  have 
referred ; — 

Inhabitants  to  a  Square  Mile. 
Towns.  Total  Area.  Bnilded  Area. 

Leeds.        .        .        .      20,892    .        .        .      87,256 


London  . 
Birmingham 
Manchester 
Liverpool    . 


27,428 

33,669 

83,224 

100,899 


50,000 

40,000 

100,000 

138,224 


Dr.  Duncan,  however,  states  that  there  is  a  district 
in  Liverpool  containing  12,000  inhabitants  crowded 
together  on  a  surface  of  only  105,000  square  yards, 
which  gives  a  ratio  of  460,000  inhabitants  to  the 
geographical  square  mile.  In  the  East  and  West 
London  Unions,  Mr.  Farr  has  estimated  that  there 
are  nearly  248,000  inhabitants  to  a  geographical  square 
mile  ;  but,  great  as  this  overcrowding  is,  the  maximum 
density  of  Liverpool  is  nearly  double  that  of  the  me- 
tropolis." * 

Great  Towns. — The  Registrar-General  estimates 
the  population  of  the  metropolis  in  the  middle  of  the 
year  1870  at  8,214,707,  being  41*2  persons  to  an  acre. 
This  is  London  with  the  suburbs,  from  Hampstead  to 
Streatham,  and  from  Woolwich  to  Hammersmith.  He 
estimates  the  population  of  Liverpool  in  the  middle  of 
the  year  1870  at  517,567,  or  101*8  persons  to  an  acre; 
Manchester,  874,998,  or  88*6  per  acre ;  and  Salford, 
121,580,  or  23-5  per  acre ;  Birmingham,  869,604,  or 
47'2  per  acre ;  Leeds,  259,527,  or  12  per  acre ;  Shef- 
field, 247,878,  or  10*8  per  acre ;  Bristol,  171,882,  or 
86'6  per  acre;  Bradford,  148*197,  or  21*7  per  acre; 
Newcastle-upon-Tyne,  188*867,  or  25  per  acre ;  Hull, 


•  Illustrated  News,  September  8th,  1855. 
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130,869,  or  86-7  per  acre ;  Portsmouth,  122,084,  or 
12*8  per  acre ;  Leicester,  97,427,  or  80*4  per  acre ; 
Sunderland,  94,257,  or  19'6  per  acre ;  Nottingham, 
88,888,  or  44*5  per  acre ;  Norwich,  81,087,  or  10-9 
per  acre;  Wolverhampton,  72,990,  or  21*5  per  acre. 
The  area  taken  is  the  municipal  boundary  in  aU  cases 
except  London.  The  population  of  Edinburgh  is 
estimated  at  178,970,  or  40'4  per  acre ;  of  Glasgow, 
468,189,  or  92*5  per  acre;  of  Dublin,  with  some 
suburbs,  821,540,  or  88  per  acre.  The  population  of 
these  twenty  towns  of  the  United  Kingdom  is  thus 
estimated  at  7,209,608.  The  population  of  Paris  is 
estimated  at  1,889,842;  of  Vienna,  605,200;  of 
Berlin,  702,487. 

The  amount  of  sewage  is  calculated  at  about  five 
CUBIC  FEET  PER  ?ERSON,  including  the  supply  from 
manufactories,  breweries,  distilleries,  &c.  So  high 
as  SEVEN  FEET  PER  HEAD  has  been  recommended 
as  data  to  calculate  from  by  Captain  Galton  and 
Messrs.  Simpson  and  Blackwell,  in  their  Report  on 
the  Main  Drainage,  and  it  has  been  found  that  about 
half  of  the  estimated  quantity  of  sewage  would  be 
passed  off  in  six  or  eight  hours. 

In  calculating  the  size  of  sewers,  however,  the  rain- 
fall must  be  provided  for,  in  addition  to  the  sewage 
matter  from  houses  and  public  establishments.  Mr. 
Bazalgette  calculated  this  for  the  London  sewerage 
at  ^th  of  an  inch  fall  in  24  hours  in  the  urban 
districts,  and  ^th  of  an  inch  for  the  suburban  districts. 
Captain  Galton  and  Messrs.  Simpson  and  Blackwell 
assumed  fths  of  an  inch  fall  during  eight  hours' 

maximum  flow.     This  would  be  1,452  feet  per  acre. 

z  2 
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Assuming  the  highest  data,  we  shall  hare  to  provide 
sewers  to  discharge  in  eight  hours 

1,452    cubic  feet  of  rain  water  per  acre, 

8^  cubic  feet  of  sewage  nearly  per  person. 
Assuming  a  population  of  80  persons  per  acre,  then 
these  figures  would  become 

1,462  cubic  feet  for  rain,  f  ^,  «^^*  ^"""^'f"^ 

280  cubic  feet  for  sewage,      ^  «^*.  8 J  c«6tc  feet 

\perminute,peracr€j 

which  shows  that  the  sewage  is  not  more  than{th 
of  the  rain  water ;  and  that,  in  calculations  for  the 
size  of  sewers,  the  surface  water  is  the  most  important 
element  to  be  considered.  If  we  had  assumed  a  larger 
fall  of  nun,  the  difference  between  sewage  and  rain 
would  be  greater.  On  the  20th  June,  1857,  the  day 
after  heavy  rain,  the  referees  on  the  Metropolitan 
Drainage  question  found  the  Norfolk-street  sewer  to 
discharge  8  feet ;  the  Essex-street  sewer  6^  feet ;  the 
Northumberland-street  sewer  8f  feet ;  and  the  Savoy- 
street  sewer  20^  feet  per  minute  per  acre ;  but  the  last 
result  has  been  controverted. 

It  appears  that  the  daily  amount  of  sewage  varies 
from  4*8  cubic  feet  per  head  in  the  more  thickly  in- 
habited portions  of  London,  occupied  by  a  larger 
portion  of  the  poorer  classes,  to  8  cubic  feet  per  head 
in  the  western  districts,  where  the  value  of  water 
is  more  appreciated,  and  the  cost  less  a  matter  of 
consideration ;  and  the  average  of  the  whole  metro- 
politan districts  appears  to  be  6*8  cubic  feet  per  head 
per  diem.  If  the  day  be  divided  into  three  periods  of 
eight  hours  each,  the  amount  of  the  maximum  flow  is 
between  nine  a.m.  and  five  p.m.  and  49  per  cent,  of  the 
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whole ;  whilst  only  18  per  cent,  flows  daring  the  eight 
hours  of  TninimiiTn  flow,  which  occur  between  eleren 
P.M.  and  seven  a.m.*  The  advantage  of  storm  flows 
in  flushing  is  shown  by  the  heavy  rain  which  occuired 
on  the  20th  of  June,  causing  a  flow  in  the  Savoy-street 
sewer  which  was  equivalent  to  20  times  the  ordinary 
flow  at  the  time.  This  was  six  times  the  maximum 
flow,  and  although  the  sewer  had  been  scoured,  to  a  con^ 
siderdble  extent,  by  a  heavy  fall  of  rain  on  the  previous 
night,  the  sample  contained  more  than  double  the 
amount  of  total  impurity  contained  in  specimens  of 
ordinary  sewage. 

In  a  town  district,  such  as  that  drained  by  the 
Savoy  and  Northumberland-street  sewers,  the  quantity 
running  off  into  sewers,  within  six  hours  after  the  fall, 
varies  from  10  to  60  per  cent,  of  the  quantity  fallen. 
Of  the  rain  during  the  storm  of  the  20th  June,  1857, 
nearly  one  inch-and-a-quarter  in  an  hour,  66  per  cent, 
ran  off  within  15  hours  of  the  fall,  viz. : — 

46  per  cent,  in  45.  minutes  after  the  rain  ceased, 

14       „        in  the  next  6|  hours, 
5       „        in  the  next  7^  hours. 
In  a  suburban  locality,  such  as  the  Counter  Creek  sewer 
drain,  the  quantity  reaching  the  sewers  would  vary  from 
0  to  80  or  40  per  cent,  in  24  hours  after  the  rain.f 

In  the  Holbom  and  Finsbury  divisions  Mr.  Roe 
calculated  that  an  18-inch  cylindrical  pipe,  laid  at  an 
inclination  of  1  in  80,  is  sufficient  for  20  acres  of 
house  sewage,  while  a  5-inch  pipe,  laid  at  an  inclina- 
tion of  1  in  20,  is  necessary  for  1  acre,  and  a  8-inch 

^  Metropolitan  Main  Drainage  Report,  pp.  15,  17. 
t  Ibid.,  pp.  75,  76. 
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pipe,  laid  also  at  1  in  20,  for  i  acre.  A  pipe  80^' 
in  diameter,  laid  with  an  inclination  of  1  in  200,  would 
discharge  1700  cubic  feet  per  minute,  and  perfectly 
drain  200  acres  of  urban  land  covered  with  houses  to 
the  extent  of  4000  or  upwards,  and  each  house  having 
a  water  supply  of  150  gallons  per  diem.  In  each  of 
these  cases,  however,  the  discharge  must  depend  on  the 
head  and  length  of  the  pipe  as  well  as  the  inclination 
at  which  it  is  laid.  Assuming  the  inclination  of  those 
pipes  to  correspond  with  the  hydraulic  inclination,  we 
have  calculated  their  discharging  powers  with  water  to 
be  respectively  807,  72,  20,  and  1700  cubic  feet  per 
minute,  the  areas  to  be  drained  being  20,  1,  ^,  and 
200  acres.  In  all  calculations  of  this  kind  it  is  neces- 
sary to  ascertain  not  only  the  maximum  rain-JaU  per 
hour,  but  also  the  proportions  discharged  per  hour, 
according  to  the  season  and  district,  into  the  main 
channel,  as  well  as  the  junctions  or  places  of  arrival. 
In  urban  districts,  1500,  2100,  and  sometimes  8600 
cubic  feet  per  hour  per  acre,  have  to  be  discharged 
after  extraordinary  rain-falls.  These  may  be  taken  as 
maximum  results.  The  gaugings  of  the  Westminster 
sewers  in  summer  give  58  cubic  feet  per  hour  for  the 
urban,  and  17  cubic  feet  for  the  suburban,  according 
to  Mr*  Hawkins. 

In  urban  districts,  however,  a  much  larger  quantity 
of  water  is  conveyed  more  rapidlj,  cateris  paribus,  to 
the  mains,  than  in  suburban  districts  and  catchment 
basins  generally,  in  which  the  maximum  discharge 
per  acre  per  hour,  even  in  the  steeper  and  higher 
districts,  seldom  exceeds  700  cubic  feet,  and  varies 
from  about  20  cubic  feet  for  the  larger  and  flatter 
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districts  upwards.  This  arises  from  the  impervious 
nature  of  the  surfaces  it  falls  upon  in  towns,  and  the 
lesser  waste  in  passing  to  the  drains,  as  well  as  a  large 
portion  of  the  supply  being  often  artificial.  From  70 
to  90  cubic  feet  *  per  acre  per  hour,  is  generally  taken 
for  the  maximum  discharge  from  the  average  number 
of  catchment  basins ;  this  is  nearly  equal  to  a  supply 
of  one-fiftieth  pajrt  of  an  inch  in  depth  from  the  whole 
area.  

SECTION  XIII. 

WATER     SUPPLY     FOR     TOWNS. — STRENGTH    OP  PIPES. 

SEWERAGE     ESTIMATES     AND     COST.  —  THOROUGH- 
DRAINAGE. — ^ARTERIAL   DRAINAGE. 

SUPPLY. — QUALITY. 

The  supply  of  water  to  towns  has  become  latterly 
a  subject  of  considerable  importance.  Three  points 
have  to  be  considered ;  —  firstly,  a  sufficient  and 
constant  supply  at  high  pressure,  when  it  can  be 
obtained  within  a  reasonable  expenditure ;  secondly, 
the  quality ;  and,  thirdly,  the  cost.  The  advantages 
in  towns  of  high  pressure  are  now  apparent  to  all  in 
overcoming  fire ;  fronts  of  houses  and  pavements  may 
also  be  cleaned,  and  streets  watered  if  the  supply  be 
abundant.  The  highest  apartments  can  be  supplied, 
and  even  mechanical  power  can  be  obtained  for  many 
purposes,  as  grinding  coffee,  at  a  reasonable  cost. 
Mr.  Glynn  8ays,t  "In  many  parts  of  London  water  is 

*  Some  interesting  observations  on  rain-faU  and  flood  discharges  are 
given  in  the  Transactions  of  the  Institution  of  Civil  Engineers,  Ireland, 
for  I85I,  pp.  19<^3,  and  pp.  44-52. 

t  Power  of  Water.— Wkalb. 
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supplied  at  4{{.  for  1000  gallons,  at  a  pressure  of  150 
feet :  a  gallon  of  water  weighs  10  lbs.,  so  that  1000 
gallons  of  water  falling  160  feet,  are  equal  to 
1,500,000  lbs.  falling  one  foot ;  and  if  1500  gallons 
of  water  be  used  in  one  hour,  they  are  equal  to 
87,500  lbs.  falling  one  foot  in  one  minute,  or  some- 
what more  than  a  horse's  power,  which  is  88,000; 
therefore,  it  may  be  assumed,  that  the  cost  of  a  horse's 
power  for  an  hour  in  such  cases,  is  only  6d." 

The  number  of  gallons  of  water  required  for  the 
supply  of  each  person,  including  all  collateral  uses, 
has  been  differently  estimated,  and  varies  in  almost 
every  town,  and  even  in  the  same  city — London,  for 
instance,  when  supplied  by  different  companies  and 
under  different  systems.  44  gallons  per  head,  per 
diem,  were  supplied  by  the  several  companies  of 
London  in  1858,  while  evidence  has  been  given  to 
show  that  the  actual  average  consumption  for  all 
purposes  did  not  exceed  10  gallons  per  head,  per 
diem;  the  remainder  having  been  wasted  under  an 
imperfect  system  of  distribution.  It  is  asserted  that 
when  the  supply  is  25  gallons  per  head,  per  diem,  that 
6  gallons  of  it  are  used  for  purposes  requiring  filtra- 
tion, 10  gallons  for  purposes  not  requiring  filtration, 
and  10  gallons  wasted,  or  two-fifths  of  the  supply. 
As  there  must  be  a  considerable  loss  under  even 
the  best  system  of  supply,  we  may  assume,  with  the 
Board  of  Health,  that  a  minimum  supply  of  75 
gallons  per  house,  per  diem,  or  15  gallons  per  person, 
per  diem,  is  necessary. 

The  following  is  an  abstract  of  the  average  number 
of  gallons  of  water  furnished  per  diem,  by  different 
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water  companies  in  London,  daring  the  year  185S,  to 
each  house,  including  manufactories  and  public  estab- 
lishments as  houses : — 


New  River  Company 

GflUonfl. 

PerhouM. 

Per  person. 

193 

88-8.6 

East  London  Water  Works .... 

187 

37-2-6 

West  Middlesex  Water  Works        .        .     . 

204 

40-4.6 

Grand  Junction  Water  Works     . 

(819 
(886 

68*4-5 
671-5 

Sonthwark  and  Vauzhall  Companies'  Houses 

175 

85 

Ditto  average  houses,  manufactories^  public 

establishments    .         .        .        .        .     . 

209 

41-4-5 

Chelsea  Water  Works 

227 

46-2-5 

Hampstead  Water  Works       .        .        .    . 

111 

221-5 

Kent  Water  Works 

Mean  values 

270 

64 

2231 

4461-6 

2281-10 

44  •8-6 

These  quantities  have  been  calculated  from  the 
parliamentary  returns  made  in  1854 ;  and  if  there  be 
any  truth  in  the  calculations  and  returns  of  the  quan- 
tities actually  consumed  per  person — said  to  be  10 
gallons — we  get  the  proportion,  as  10  is  to  84  so  is  the 
quantity  consumed  to  the  quantity  wasted.  But,  even 
assuming  the  quantity  consumed  to  be  20  gallons  per 
head,  what  an  immense  loss  is  here  exhibited  from 
want  of  a  suitable  system  of  check  and  distribution. 

For  large  towns  it  is  safe  to  provide  for  many  pur- 
poses, besides  present  personal  or  house  wants ;  and 
it  is  safer,  where  it  can  he  done  without  much  extra  cost, 
to  provide  for  a  supply  of  40  gallons  to  each  inhabitant, 
even  if  this  quantity  should  not  be  used  or  raised. 
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For  high  pressure,  the  supply  required  will  generally 
vary  from  15  to  40  gallons,  or  from  2*5  to  6*5  cubic  feet 
to  each  inhabitant,  or  for  an  average  of  about  28  gal- 
lons, including  the  supply  to  stables,  offices,  manufac- 
tories, and  breweries. 

The  storage  in  reservoirs  should  be  for  about  120  or 
160  days'  supply,  including  the  quantity  necessary  for 
mills  and  riparian  occupiers  lower  down.  This  latter 
is  taken  very  often  at  about  half  the  former ;  so  that 
two-thirds  of  the  storage  may  be  available  for  the  town, 
and  one-third  for  mills  and  riparian  lands.  The  actual 
relation,  however,  depends  on  local  circumstances. 

The  quality  of  water  for  drinking,  washing,  or  cook- 
ing, is  also  an  important  element  in  selecting  a  source 
of  supply.  Hardness  is  measured  by  the  number  of 
grains  of  chalk  or  carbonate  of  lime  to  a  gallon  of 
water,  each  called  a  degree.  The  average  hardness  of 
spring  water  is  about  26°,  that  is,  26  grains  of  car- 
bonate of  lime  to  one  gallon  of  water.  Rivers  and 
brooks  have  an  average  hardness  of  13°,  and  water 
derived  from  surface  drainage  6° ;  hence  the  great  ad- 
vantage of  the  latter  kinds  of  water  in  washing.  The 
average  hardness  of  the  London  pipe  waters  is  from 
10°  to  16°.  The  following  extracts  from  a  report  and 
analyses  furnished  to  me,  in  1855,  by  Professor  Sulli- 
van, of  the  Museum  of  Irish  Industry,  Dublin,  will 
show  what  is  generally  required  on  this  head  : — 

'^  On  the  annexed  page  you  will  find  the  numerical 
results  of  my  analyses  of  the  four  samples  of  water 
which  you  left  with  me  for  examination.  From  the 
table  you  will  perceive  that  the  water  of  the  Mattock 
River  appears  to  |^be  the  purest,  so  far  as  the  nature 
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and  the  amount  of  the  foreign  substances  held  dissolved 
in  it  is  concerned.  The  water  of  the  Boyne  comes 
next  in  quality  to  that  of  the  Mattock  Siver,  the  pump 
water  being  in  every  sense  the  worst,  so  far  as  amount 
of  ingredients  can  be  taken  as  a  test  of  the  quality  of 
a  water ;  in  this  respect,  indeed,  it  resembles  the  water 
of  the  deep  wells  of  London  and  elsewhere. 

"As  the  ordinary  mode  in  which  the  quality  of  a 
water,  for  drinking  and  for  culinary  and  like  purposes, 
is  judged  of  is,  by  the  comparative  amount  of  organic 
matter,  the  total  amount  of  dissolved  matter,  and  its 
hardness,  according  to  the  '  soap  test,'  I  shall  give  in 
the  following  table  the  numbers  representing  each  of 
these  qualities : — 

TABLE  showing  the  number  of  grains  of  Organic  Matter^  and  the 
nvmber  of  grains  of  Solid  MaUer^  in  an  Imperial  Gallon  of 


Water  from 


No.  1.  Tullyescar    , 

2.  River  Mattock 

3.  River  Boyne 

4.  Bom's  Pump 


9> 


»• 


Number  of 

Gndnaof 

Organic  Matter, 

per 

Imperial  GaL 


8*975  grs. 
2-  (about) 
3-250 
7-100 


Number  of 

Oraixwof 

Solid  Matter, 

per 
ImpralalGaL 


31-176 
16-360 
22-700 
76-860 


Degree  of 

Hardneas 

according  to 

the 
Soap  Test. 


16  S-lOths. 

9  1-lOth. 

14  9-10tlL8. 

34  4-10th8. 


"In  order  to  render  this  table  more  instructive,  it 
may  be  well  to  subjoin  a  few  of  the  results  obtained 
from  the  analyses  of  the  waters  of  other  localities. 

TABLE  shotring  the  nunUter  of  grains  of  Solid  Matter  eoTitained  in  one 

gallon  of  Ihe  following  Water : 

Thames  at  Greenwich       .        .        .        .27*9  grains. 

London      .        .        .        >     .      28*0 

Westminster  ....      24*4 

Twickenham      .        .        .     .      22'4 

Teddington    ....      17-4 


it 


>f 


»> 


>> 


»f 


»» 


it 
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New  River  (London)  .... 
Lea 

Trafalgar  Square  Fountain,  Deep  Well 
Well  in  St.  GUes's,  Holbom    . 
Artesian  Well  at  Grenelle  (Paris) 


19*2  grains. 
28-7 
68-9 
105*0 
9*86 


If 


ti 


The  following  are  some  of  the  results  obtained 
from  an  examination  of  the  waters  in  the  neighbour- 
hood of  Dublin,  or  which  have  been  proposed  as  a 
source  of  supply  :♦ — 


Locality  flrom  whence  Water 
waa  obtained. 

Total 

Namberof 

Qrainaper 

Impeml 

GiUlan. 

Total          Degree 
Number  of  of  Hardneaa 

Grains        according 
of  Organic   to  the  Soap 

Matter.          Teat 

Boyal  Canal  (12th  Lock)  .        .     . 

Grand  Canal  (7th  Lock) 

River  Liifey,  at  Kippure  .        .     . 

„               PhoiUaphouca 
Lough  Dan,  Co.  Wicklow         .     . 
River  Dodder,  at  City  Weir  . 
Lough  Owel 

21-0 

16-300 
3-522 
5-125 
2-800 
8-850 

10-225 

2-80 

2-80 

1-90 

1-50 

1-225 

1-625 

1-550 

degs. 
140 
10  S-4ths. 

0  2-10th8. 

0  2-lOths. 

0  8-lOths. 

1  8-lOths. 
6  7-lOths. 

*  Dr.  Apjohn  gave  the  following  analyses  : — 

Total  matter     Organic       Hard- 
dissolved,       matter.        nesa. 

Grand  Canal — ^mean  of  seven  analyses    .     20-78    .  '95    .     15*9 

Royal  Canal— mean  of  five  analyses        .    20*76    .  1*64    .     14-1 

liffey — mean  of  eleven  analyses        .     .      8-62    .  1-77    .      6*1 

Analysis  of  the  deposition  on  pipes  from  the  Portobello  basin : — 

Water 2*20 

Organic  Matter 9*71 

Sand 10-20 

Peroxide  of  Iron  and  Alumina         .         .    .  8*50 

Carbonate  of  Lime 74*20 

Carbonate  of  Magnesia *19 


100 
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Professor  Apjohn  gave  the  following  analyses  of 
waters  furnished  to  the  city  of  Dublin  in  I860.  It 
shows  how  necessary  it  is  to  distinguish  the  time  of 
taking  specimens  for  analysis,  and  the  previous  state 
of  the  weather  as  affecting  the  foreign  matters  in  the 
water.  The  specimens  were  collected  on  the  6th  and 
19th  of  May,  1860.  The  quantity  operated  upon  in 
each  instance  was  an  imperial  gallon,  or  277*278  cubic 
inches : — 


CITT  WATER  OOUESE,   DODDER. 


5th  May. 


«a-  :how 


Carbonate  of  lime 
Carbonate  of  magnesia 
Sulphate  of  lime  and  chlo- ) 
ndes   of    sodium    and  >  2*269 
magnesiom  .        .        . ) 

SUex 0-166 

Oiganic  matter       .        .    1*811 

8*302 


19th  May. 

7*808-^ 
0*700 

2171 

0*526 
1*101  J 

11-806 


Specific  gravilr  of 
specimen  (6th  May) 

1-00011. 

Specific  gravity  of 

specimen  (19th  May) 

1  -00014. 


FOBTOBELLO  BASIN. 


Carbonate  of  lime       .    . 

Carbonate  of  magnesia 

Sulphate  of  lime  and  chlo- 
rides of  sodium  and 
magnesium  . 

SUex  .... 

Oiganic  matter 


7-687 

4*058 

0*078 
3*808 

15*126 


11*660 
0*764 

3*751 

0*194 
2  289  J 

18*658 


Specific  grarilj  of 
specimen  (5th  May) 

1  -00023. 

Specific  gravity  of 

specimen  (19th  May) 

1-00031. 


It  will  be  observed  that  the  quantities  of  saline  and 
other  ingredients  found  in  specimens  of  the  same  water 
collected  at  the  two  separate  periods  above  mentioned 
are  materially  different ;  those  obtained  at  the  later 
date  (May  19)  containing  the  larger  portion  of  foreign 
matters.  The  extent  of  this  variation  is  very  consider- 
able, and  it  appears  to  Dr.  Apjohn  to  have  been  the 
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consequence  of  a  very  considerable  fall  of  rain,  which 
took  place  in  the  interval  between  the  periods  at  which 
the  specimens  were  taken  up  for  analysis. 

When  the  means  of  the  preceding  analyses  are  taken^ 
we  obtain  the  following  results  : — 

City  Water  Coutm.       PoiiolwUo  Budn. 
Mean  amoant  of  saline  matter  .     8*598  14-094 

„  ,,  organic  matter  1*456      ,        2*798 

The  quality  of  a  water  for  drinking  purposes  de- 
pends in  a  great  degree  upon  the  condition  in  which 
the  organic  matter  is  founds  much  more  than  upon  its 
quantity.  This  is,  however,  a  question  outside  of  the 
domain  of  chemistry,  and  can  only  be  solved  by  the 
aid  of  the  microscope. 

As  a  general  rule,  the  water  of  clear  flowing  rivers, 
even  though  it  may  contain  a  large  amount  of  soUd 
matter,  and  even  of  organic  matter,  will  be  found 
wholesomer  than  well  water,  especially  in  towns. 

The  whole  of  the  lime  and  magnesia  existing  as 
carbonates  is  precipitated  by  boiling,  the  water  being 
thus  proportionably  rendered  less  hard ;  lime  and 
magnesia  existing  as  sulphates  or  chlorides,  on  the 
other  hand,  are  not  precipitated.  This  difference  is 
of  great  consequence  in  culinaiy  operations,  as  where 
boiled  water  is  used,  the  carbonates  of  lime  and 
magnesia  are  not  injurious,  and  if  no  sulphates  or 
chlorides  be  present,  the  water  may  be  soft  after 
boiling.  The  same  observation  applies  to  water  used 
for  washing  clothes  when  boiled.  And  lastly,  sul- 
phate of  lime  forms  one  of  the  worst  elements  of  fur  or 
deposit  upon  steam  boilers. 
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Tabular  Remits  of  the  Special  Analyses  of  Four  Samples  of  Water 
from  the  neighbowrhood,  of  Drogheda, 


Nature  of  diaaolTod 
matter. 

No.  1. 

Tullye- 

scar. 

No.  2. 

Mattock 

BiTer, 

No.  8. 
Boyne 
River. 

No.  4. 
Bum's 
pump 
water. 

Observations. 

/    Inclusive  of  a 

Carbonate  of  lime    .    . 

9-360 

7*302 

11*648 

21*476  ) 
0*685/ 

tity    of     phos- 

Carbonate  of  magneiU 

0-429 

0*610 

0-888 

•  phate  of    lime 
1  and     iron    not 

separated  from 

Vthe  Ume. 

Sulphate  of  lime      ,    . 

9-048 

2-614 

4*460 

4*668 

CUorlde  of  magnesium 

0*743 

1.258 

1-686 

8*446 

Chloride  of  calcium 

•  • 

•  • 

•  • 

9-624 

Chloride  of  sodium 

«  • 

0-991 

•  • 

•  # 

Magnesia    existing  as 

crenate,   Aa,  in  the 

water     .... 

0*464 

■  • 

•  • 

•  • 

Lime       do.       da 

•  • 

•  • 

•  • 

0*548 

Billoa       do.       do. 

0-027 

•  • 

0*322 

2*212 

Potaah  and  soda  exist- 

ing in  water,  as  ni- 

trates, erenatesj  and 
other  organic  salts.    . 

1-644 

f  2-786 

•  • 

0*448 

22*398 

Organic  matter    . 

Total  number  of  sialns 
per  Imperial  gaUon   . 

8*975 

8-250 

7*100 

81176 

16-860 

22*700 

76-850 

The  saving  in  soap  effected  by  a  reduction  of  10  de- 
grees in  hardness,  is  found  to  be  over  60  per  cent. 

Some  of  the  metropolitan  waters  analysed  by  Dr. 
Bobert  Dundas  Thomson,  F.B.S.,  were  found,  in  May, 
1860,  much  more  impure  than  others,  the  samples  of 
which  had  been  taken  at  the  beginning  of  the  month, 
before  the  impurities  conveyed  by  the  rains  had  con- 
taminated them.  The  supply  afforded  by  large  and 
small  rivers,  as  in  London,  in  this  table,  contrasts 
most  unfavourably  with  that  afforded  by  the  drainage 
of  mountain  ridges,  as  at  Glasgow  and  Manchester. 
The  specimens  of  water  from  the  two  latter  cities  were 
taken  by  the  instructions  of  Mr.  Bateman,  F.B.S.,  the 
engineer,  from  the  main  pipes  during  the  month.     It 
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should  be  the  object  of  the  London  Companies  to  avoid 
pumping  the  water  in  its  most  impure  state,  and  to 
store  it  when  in  the  condition  of  the  greatest  purity. 


DiBtdlled  water 

Loch  Katrine  water,  new  supply  to  Glaagow 
Manchester  water  snpplj 
Thames  Companies  : — Chelsea 

Southwark 

Grand  Junction 

West  Middlesex 

Lambeth 

Other  Companies  :— New  Biver  . 

East  London 

ivent      ■  •        •        ■        •    • 


Total 

Impurity 

pergBlloQ. 


Gx«.,  or* 

00 

816 

4*82 

17-84 

17  08 

2072 

20-08 

20-80 

18-62 

28*64 

21-68 


Organic 

Imparity 

per  gallon. 


Ora.,  or*. 
00 
0-96 
0-64 
1-48 
1*64 
2-00 
208 
2-40 
1-66 
8-20 
2-96 


The  table  is  read  thus : — ^Loch  Katrine  water  contains 
in  the  gallon  3*16  degrees,  or  grains,  of  foreign  matter 
in  solution,  of  which  *96  degrees,  or  grains,  are  of 
vegetable  or  animal  origin. 


SOUBCES  AND   GATHERING  GROUNDS. 

The  sources  from  which  a  water  supply  for  towns 
may  be  derived  are  lakes,  rivers,  and  streams,  springs, 
wells,  and  gathering  grounds.  Of  the  latter  it  may  be 
said  that,  however  ably  put  forward  under  the  auspices 
of  the  Board  of  Health,  it  is  far  safer  to  resort  to  good 
river  waters  than  trust  to  what  has  been  termed,  with 
some  satirical  truth, ''  new-fangled  schemes  of  pot-piped 
gathering  grounds."  Springs  and  wells  afford,  at  best, 
but  a  partial  supply  unless  for  villages  or  manufieictories ; 
and  we  must  almost  always  trust  to  lakes,  rivers,  or 
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TABLE  Aowing  the  QuaniilM  of  GalKtring  Oroumd  and  I 
Room  to  supply  a  given  population  toitA  16,  30,  and  40  gallant  of 
vxUer  per  head  per  diem.  The  reaervoir  room  is  calailaied  to  hold 
12  Hl«Aet  tn  depth  qf  Tain-fall  per  mile  as  a  gKide  for  bun-  depths. 
For  4  inches  the  remits  are  lobe  divided  byS;  and/or  6  inches  iy  2. 


"a 

1 

1 

■3^ 

ll 

ll 

t\ 

i 

1 

1 

m 

ir 

I      i- 

1 

:l 

m 

1      1 

iiii 

2,500 

1,250 

837 

4170 

-0375 

0789 

2-186 

6,000 

2,500 

1.876 

8-358 

-075 

1577 

4  393 

7,600 

veo 

2.812 

12-538 

■1125 

-2360 

6-689 

10,000 

6,000 

3,760 

16-715 

■15 

■3154 

8-786 

12,600 

6,260 

4,687 

20-8S4 

-1875 

■3942 

10-982 

16,000 

7,600 

6,625 

25-072 

-225 

■4731 

18-179 

17,500 

S,750 

6,562 

28-251 

-2626 

-6518 

16-375 

20,000 

10,000 

7,600 

33-430 

■300 

-6308 

17-572 

26.000 

12,600 

S,376 

41-788 

■376 

■7886 

21^966 

30,000 

16,000 

11.250 

60-146 

■45 

■9462 

26-358 

86,000 

17,600 

13.125 

68-6 

■626 

1^1 039 

30-76 

40,000 

20.000 

16,000 

66-9 

■6 

1-2616 

35144 

46,000 

22,500 

18,876 

75-217 

-675 

1-41B3 

39-537 

50,000 

26,000 

18,750 

83-67 

■75 

1-677 

43-93 

66,000 

27,500 

20,625 

SI -832 

■826 

1^734 

48-32 

60.000 

30,000 

22,600 

100-29 

■8 

1-8924 

52-716 

66,000 

32,600 

24,376 

108-66 

■876 

2-0501 

57-109 

70,000 

85,000 

26,260 

117- 

106 

2-2078 

61-502 

76,000 

37,600 

28,125 

126-36 

1-126 

2^3666 

65-885 

80,000 

40,000 

30,000 

133-72 

12 

2-5232 

70-288 

86,000 

*2,600 

31,875 

142-1 

1^276 

2  ■6809 

74-681 

90,000 

46,000 

33.760 

150'4S6 

1-35 

2-8388 

79-074 

B6,000 

47,600 

36,625 

158-8 

1-426 

2-970 

83-487 

100,000 

60,000 

37,600 

167-16 

1-6 

S-164 

87-86 

105.000 

62,600 

39,376 

175-5 

1-67 

8-311 

92-26 

110,000 

66,000 

41,260 

183-86 

1-66 

3469 

86-64 

115,000 

67,600 

43,125 

192-22 

1-72 

3-62 

101-10 

120,000 

60,000 

46,000 

200-68 

1^8 

8-785 

106-43 

364  THE  DISCHARGE  OF  WATER  PROM 

streams,  with  reservoirs,  for  stowage,  for  a  suflScient 
supply  for  large  towns.  The  Croton  aqueduct,  con- 
veying water  with  an  average  of  three  degrees  of 
hardness,  to  New  York,  is  perhaps  the  noblest  work 
for  water  supply  of  modem  times.  The  length  of  the 
aqueduct  is  about  44  miles,  with  a  channel  inclination 
of  about  15  inches  per  mile.  The  receiving  reservoir 
is  about  two  miles  higher  up  the  channel  than  the  dis- 
tributing reservoir,  which  latter  is  115  feet  over  the 
level  of  the  sea,  and  commands  the  highest  buildings 
of  the  city.  In  the  driest  weather  the  supply  is  equal 
to  28,000,000  gallons.*  The  cost  of  the  work,  includ- 
ing the  purchase  of  land  and  water  rights,  was  8,575,000 
dollars,  or  £8  per  lineal  foot  nearly.  The  cost  of  dis- 
tributing pipes  was  1,800,000  dollars.  We  have  had 
also  the  Loch  Katrine  and  Glasgow  aqueduct,  a  noble 
work,  constructed  after  this  model  by  Mr.  Bateman, 
notwithstanding  the  previous  supply  of  that  city,  or  a 
portion  of  it,  the  Oorbals,  from  gathering  grounds  at  a 
high  level.  The  Vartry  supply  for  Dublin,  carried  out 
under  the  same  engineer  and  Mr.  P.  Neville,  the  cit}- 
surveyor,  is  derived  by  embanking  and  storing  the 
waters  of  the  River  Vartiy.  It  is.  however,  sometimes 
necessary  to  make  use  of  such  grounds,  particularly 
when  flanking  or  lying  above  glens  where  an  embank- 
ment may  be  easily  thrown  across,  and  the  supply 
stored  for  use,  which  would  otherwise  pass  quickly  off. 
The  table,  page  853,  gives  the  areas  of  reservoirs  and 
gathering  grounds  according  to  a  collection  of  one  foot 
in  depth  from  the  catchment ;  it  can  be  easily  modified 

*  Schrainke's  Croton  Aqueduct,  New  York. 
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when  the  storage  or  required  supply  exceeds  or  falls 
short  of  this  depth.  One  acre  of  gathering  ground  with 
a  collection  of  twelve  inches  of  rain-fall  from  it  annuaJly 
will  give  a  daily  supply  of  five  cvlnc  feet  per  head  to 
twenty-four  inhabitants ;  or  of  four  cubic  feet  ^  or  twenty- 
five  gallons,  to  thirty  inhabitants. 

The  next  table  wiU  be  of  use  in  showing  the  actual 
quantities  which  have  been  collected,  or  could  have 
been  collected,  for  storage.  Homersham,  Hughes, 
and  Beardmore's  books  have  been  consulted  in  arrang- 
ing it. 

The  various  methods  employed  for  purification  may 
be  classed  under  three  heads :  mechanical,  by  filtering 
or  straining;  chemical,  or  antiseptic  media,  such  as 
peat  and  animal  charcoal,  and  precipitation  by  the  use 
of  lime  water ;  and  the  natural  precipitation  of  impuri- 
ties when  the  water  is  at  rest,  as  well  as  the  purifica- 
tion which  takes  place  from  oxidation  and  neutralization 
on  thorough  exposure  by  the  ozone  of  the  atmosphere. 
This  latter  plan  has,  however,  been  tried,  and  signally 
failed.  Filter  beds  may  be  constructed  to  have  a  sur- 
face area  of  one  square  yard  for  every  800  gallons 
filtered  in  twenty-four  hours.  For  executed  works  the 
proportions  vary  from  1  in  460  to  1  in  1140. 

COST. 

With  reference  to  cost^  the  following  tables,  arranged 
by  us  from  various  sources,  will  afibrd  information  from 
works  executed. 

The  estimated  cost  of  the  water  supply  for  Dublin 
from  the  Vartry  was  £800,000  for  12,000,000  gallons 

A  A  2 
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TABLE  showing  information  trith  reference  to  size  of  Reservoirs,  Catch- 
mtynt  Areas,  Ac,  collected  and  arranged  from  various  authorities. 
The  first,  fifth,  and  sixth  columns  contain  information  vrith  reference 
to  reservoirs  and  the  collecting  areas  ;  the  second,  third,  and  fourth, 
show  for  different  districts  the  whole  rainfall,  and  the  portions  or  per 
centage  flowing  off  and  available. 


Xames  of  Drainage 

Areas  and 
namea  of  Beaezroira. 


Ashton      .... 

Albany  Works,  U.a     . 

Bollinrobe,  Ireland 

Belmont  (moorlandX 
mean  of  four  yean    . 

Bolton  .... 

Bute  (low  country) .    . 

Bateman's  evidenoe  on 
the  drainaffe  area  of 
Lonffdendale  :— 

Fitsthalf  of  1845,  yaiy 
dry     .... 

Second  half  of  1846  .    . 

First  half  of  1846  . 

Oct.,  Not.,  and  Dec., 
1S46 

Bonn  Resenroir  (moor- 
land)  .... 

Drainage  areas  on  south 
side  of  Longrldge 
Fell,  near  Preston, 
May.  18JS,  to  April, 
1858        .... 

Dilworth  Reservoir  of 
Preston  Works,  Lan- 
cashire 

Glencorse.  .    . 

Greenock 

Homeraham's  estimate 
of  84,000  cubic  feet  of 
Reservoir  to  each  acre 
of  drainage    .       .    . 

Longdendiue.  ^    . 

Propooed  ReseWdrfor 
WolTerhamntonWorks 

RiTington  Pike    . 

ShefBdd  •        •    , 

Turton  and  Bntwlstle  . 


'59 
-29 
11-0 

2*81 
-80 


}:; 


-092 
6-00 
7-88 


1 
28 -8 

281* 
16-25 
1-48 
8-18 


40-0 
49*3 

54-6 
45-4 


21-8 
88*6 
22-5 

10-2 

72- 

•  • 

54* 


87-0 
60-0 


55-5 
46-2 


I 


a 
as 

h 

Q 


15*5 
28-6 
80  « 
28'9 


18-6 

27-25 

17-5 

8-67 

48-0 

15-5 
18*0 
22-0 


22-8 
41*0 


24-26 
41-0 


89 

■  • 

56 
72 

•  • 

58 


04 
71 

78 

85 

66 

29 
88 
48 


60 
68 


44 


210 
1-1 


26*8 
25*6 


54-0 
7-66 
88* 


15-36 
12-8 

•7 
29*6 
36*5 
81*48 


12 
82 


75 
20 


5 
46 

800 


15-86 
898 

16 
481 

58 
100 
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daily.  It  is  said  to  have  cost  £1  Vis,  6d.  a  head, 
Glasgow  £S,  Manchester  £2  18s,,  and  Birmingham 
£S.  The  annual  cost  of  filtering  1,000,000  gallons 
daily,  capitalized,  is  put  down  at  £1,260  by  Sir  John 
Hawkshaw  in  his  report  on  the  Dublin  supply.  This 
would  be  £62  10s.  yearly.  It  varies  from  £40  to  £120 
under  different  circumstances.  The  works  of  construc- 
tion and  the  first  cost  of  the  filters  may  be  taken  at 
about  £2,000  for  each  1,000,000  gallons  to  be  filtered 
daily. 

The  supply  to  the  suburbs  of  Dublin  is  given  at  a 
charge  of  about  S^  pence  for  each  1,000  gallons.* 

The  actual  cost  of  all  works  for  house  service  varies 
very  much  in  different  towns,  and  with  the  quantities 
supplied,  from  a  general  average  of  Id.  per  house  per 
week,  to  2d.,  and  from  an  annual  rate  of  9d.  in  the 
pound  to  Is.  6d.,  and  higher.  The  cost  of  raising  and 
supplying  1,000  gallons  from  a  height  of  185  feet  in 
Nottingham  is  said  to  be  Sd.,  and  the  charge  for  house 
service  to  vary  from  58.  to  60s.  annually.  In  Eugby, 
the  average  cost  per  house  is  19s.  per  year,  4^.  per 
week,  or  an  annual  charge  of  Ss.  Sd.  per  year,  or  }cZ. 
per  week  per  head  of  the  population,  and  for  a  bare 
supply  of  13  gallons.  In  Croydon,  for  a  supply  of  only 
14  gallons  per  head,  the  cost  of  works  varied  from  l^tZ. 
to  2Jd.  per  house  per  week.  The  parliamentary  re- 
turns, showing  the  number  of  houses  supplied,  and 
cost  of  supply,  by  different  water  companies  of  London, 
in  1884,  give  the  following  results  : — 

*  In  December,  1874,  the  quantity  sent  into  the  city  and  accounted 
for  ia  atated  to  have  been  7,226,000  gallons,  and  the  waste  6,631,000 
gallonB  daily  t    District  waste  water  meters  are  here  essential. 
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Namber 

DaQy  average 

Heiflrht  of 

Amoimt  of 

C0MPANIB3. 

of 
HouaeB. 

^^SSSi" 

Supply  over 
Thames. 

chaigeper 
Oompany. 

£    8.     d. 

New  River    .     . 

78,212 

241 

145 

16    6 

Chelsea 

13,891 

168 

135 

1  18    8 

West  Middlesex 

16,000 

185 

155 

2  16  10 

Grand  Junction . 

11,140 

350 

152 

2    8    6 

East  London.     . 

40,421 

120 

107 

12    9 

South  London    . 

12,046 

100 

80 

0  15    0 

Lambeth    . 

16,682 

124 

185 

0  17    0 

Southwark    .    . 

7,100 

156 

60 

1     1     3 

Cost  of  house  apparatus  for  private  supply  from 
street  mains,  as  averaged  by  the  Board  of  Health,  for 
first-rate  houses,  is  £^  ISs.  2d. ;  second-rate  houses, 
£2  18s.  6d. ;  third-rate,  £2  3«.  8d. ;  fourth-rate  and 
cottages,  17s.  6d ;  average  cost  for  houses  and  cot- 
tages, £2  8«.  Id. 

The  actual  cost  of  pri\'ate  works — ^to  take  water  from 
mains  for  the  supply  of  cottages — is  shown  in  the  fol- 
lowing table : — 


Work 
ezecated  in 

Name  of  Place. 

MeanEzpeaae 
of  Private 
Works  for 

each  Gotta^re. 

Axmual  Vahie 
of  each 
Cottage. 

Jan.  1852 

Mar.  1852 

„     1852 

Aug.  1852 

Rugby,  mean  of  6  Cottages 
Croyaon  .     .     10       „ 
Barnard  Castle  11       „ 
Tottenham    .      6       „ 

£   «.    d. 

1  12  11 

2  0    0 

1  18    IJ 

2  11  104 

£    8.    (2. 
5  10    0 
4     0     0 
3    2    6 
10    0    0 

Mean  value 

« for  each  Cottage     .     .     . 

2    0    9 

5  18    li 

The  water  rate  charged  by  the  Local  Board  at  Tot- 
tenham is  given  as  follows : — 
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N 


IntlnSpMUIDbtrictRato 

■ 

Abora 

And  not 
excssdlns 

P«rw*.k. 

On  Premises 

aiswsed. 

£    ».    d. 
10  "o    0 

15     0     0 

20    0    0 
2S    0    0 
SO    0    0 
40    0    0 

£     ,.    d. 
10     0     0 
IS    0    0 
20    0    0 
25    0    0 
30     0     0 
10    0    0 
50    0    0 

£    1 

d. 

£     3.    d. 

0    2    6 
0    3    9 
0    6    0 
OSS 

0    8    0 
0  11    0 
0  li     0 

and  3s.  for  ever}'  additional  rate  of  £10. 

PUBLIC   WORKS    OF  WATER   BDPPLY,    FBESTON. 
VudL  C«tafPlpeL  £,    t.    ± 

44  of  2-iu.  iron  pipes,  mcluding  Tulves, 
Gre-pluga,  outlet  pipes,  and  all  ap- 
purteminces,  at  Is.  Id.  ~     ~     ~ 

1,498  of  3.m.  ditto,  at  Si.  id. 
321  of  4-iii.  ditto,  at  ia.  Srf. 
625  of  5-in.  ditto,  at  8s.  . 
SO  of  9-iii.  ditto,  at  95.  Bd. 


WaUr  Supply  and  it)  Coat  for  aonu  Ciiia  and  Tovms,  from  a  Paper 
read  to  the  British  Asaoeiaiion,  ai  Leeda,  in  1S56,  b>/  Dr.  Strang,  oj 
Gteagmti.     Vide  Builder, /or  1868,  p.  863. 
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The  cost  of  pumping  varies  with  circumstances ;  we 
believe  that  pumping  engines  cannot  be  put  down  at 
less  than  from  £&Q  to  £100  per  horse  power,  dependent 
on  the  size  of  the  engine,  although  the  Board  of  Health 
adopted  a  standard  of  £50  per  horse  power.  For  the 
town  of  Drogheda  we  estimated  for  two  engines  at  £75 
per  horse  power.  The  following  information  respecting 
the  cost  of  the  Waterworks,  Cork,  was  kindly  furnished 
to  the  author  by  Sir  John  Benson,  the  engineer,  who 
designed  and  carried  out  the  works. 

CORK  WATER  WORKS. 


Steam  engine  lOO- 
horse  power. 


Two  SO-horse  power 
turbines. 


Reservoirs — 
One    of  8,500,000 

gallons. 
One  of  563,000  gal- 
lons. 
Cost  per  head. 

Yalnation  standard 
per  ponnd  on  the 
valuation. 

Yearly  cost  per  five 
inhabitants. 

Water  supplied. 


L 


Direct  acting  Comish  Engine  with 
three  cylindrical  flue  filers,  in- 
cluding engine  and  boiler  house, 
setting  boilers,  chimneys,  &c.,  &c., 
per  horse  power      .        . 

Two  turbines  completed  with  four 
11  in.  ram  pumps  on  each,  includ- 
ing buildings,  cisterns,  sluices, 
gates,  screens,  per  horse  power    . 

One  reservoir  on  a  level  of  186  ft 

over  weir 
One  reservoir  on  a  level  of  360  ft. 

over  weir 
The  inhabitants  in  1851,  86,000 
The  inhabitants  in  1861,  100,000 
aty  valuation,  £112,000  . 


Distribution  per  house  of  every  five 
persons 

Quantity  supplied,  including  manu- 
factories, to  one  person  per  day  . 


£s.     d. 


55    0 

0 

44    0 

0 

1 

4,900    0 

1 

0 

0  15 
0  18 
0  11 

0 
7 

0    5 

0 

1 

30  gallons. 

The  total  estimated  cost  of  engines,  including  pumps, 
engine  houses,  wells,  &c.,  for  raising  the  London  sew- 
age, is  £70  per  horse  power,  and  the  annual  cost  £20 
per  horse  power.* 

•  Main  Drainage  Roport,  1867,  p.  29. 


362  THE  DISCHARGE  OF  WATER  FROM 

AVhen  coals  are  10«.  per  ton,  the  cost  of  an  engine 
exceeding  100-horse  power,  single  acting  Cornish, 
working  night  and  day,  will  be  £10  per  horse  power ; 
when  coals  are  16s.  per  ton,  the  cost  would  be  dBlS  per 
horse  power ;  when  coals  are  20s.  per  ton,  the  cost 
would  be  £16  per  horse  power ;  when  coals  are  25s. 
per  ton,  the  cost  would  be  £19  per  horse  power.  These 
estimates  have  been  given  by  Mr.  Hughes,  and  include 
every  expense  of  coals,  wages,  oil,  tallow,  materials  for 
packing,  cleaning,  &c.,  but  none  for  interest  of  capital 
or  depreciation  of  machinery.* 

At  Ely  the  cost  of  pumping  is  stated  by  a  writer  in 
the  Builder  to  be  as  follows : — 

To  pump  one  million  gallons  140  feet  higb,  the  old  engine  con- 
sumes : —  £  s,   d. 
Four  tons  of  coal,  at  I6s,  per  ton  .        .        .        .340 

Oil,  tallow,  and  packing 0  12    0 

0    9    0 


Total  cost  of  pumping  one  million  gallons         ..450 
which  gives  Id.  per  1,000  gallons  pumped  140 
feet  high  (not  a  yeiy  high  price). 
The  new  engine  requires : — 
Five  and  a  half  tons  of  coal  at  16s,        .  .480 

Oil  tallow,  and  packing 1  10    0 

Wages 120 

Total  cost  of  pumping  one  million  gallons  140  feet 

high 700 

which  is  65  per  cent  more  money  than  the  old 
engine  requires. 

While  another  writer  in  the  same  periodical  states,  that 
the  cost  of  pumping  1,000,000  gallons  with  the  old 
engine  was  £4  18s.  8^.,  and  with  the  new  engine, 

*  Main  Drainage  Report,  1857,  p.  447. 
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£4l  IQs.  Id.  In  the  preceding  table,  arranged  from  in- 
formation in  Mr.  Hughes'  book,*  the  estimated  cost 
of  pumping  engines  for  yarious  works,  English  and 
American,  is  given. 

In  Example  28,  pages  25  to  27,  we  have  pointed 
out  the  method  of  calculating  the  increase  of  horse 
power  required  in  raising  water  through  pipes  from 
friction,  and  also  the  great  increase  of  this  extra  head 
if  the  velocity  increases  ;  the  increase  being  nearly  as 
the  square  of  the  velocity.  In  addition  to  this,  an 
allowance  of  horse  power  must  be  made  for  bends, 
curves,  junctions,  and  other  obstructions,  for  the 
effects  of  which  see  Section  XI.  The  more  slowly 
the  water  is  pumped,  the  less  will  the  loss  be  fi^m 
these  causes  through  the  same  pipe.  It  is  therefore, 
so  feir,  advisable  to  give  as  large  a  diameter  to  the 
pipes  supplying  a  reservoir  from  a  pumping  engine  as 
other  aspects  of  the  question,  cost,  and  engine  power, 
will  admit. 

A  report  by  the  Water  Committee  of  Plymouth, 
printed  in  a  local  newspaper  of  18th  October,  1864, 
contains  much  useful  information  respecting  the  water 
supply  of  the  following  places  at  that  time : — 

Bristol  (population  140,000). — This  city  is  supplied 
by  a  company  drawing  its  water  from  the  Mendip-hills; 
the  pipes  being  too  small  and  quantity  deficient,  it  is 
not  continuous,  nor  is  the  quality  good.  The  scale  of 
rates  ranges  from  5  per  cent,  on  low  rentals  to  8  per 
cent,  on  rentals  of  £100,  and  2|  per  cent,  on  rentals 
of  dC200  and  upwards.     For  trade  purposes  the  water 

*  Weale,  London. 
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rate  is  6^.  per  1,000  gallons  the  minimum,  to  Is.  &d. 
per  1,000  gallons  the  maximum.  Water  closets, 
stables,  baths,  &c.,  charged  extra  to  domestic  supply 
and  reduced  rates — ^no  overflow  or  waste  pipe  per- 
mitted to  communicate  with  any  cistern  or  bath  unless 
supplied  by  meter.  No  cistern  for  closet  containing 
more  than  two  gallons  allowed  without  extra  payment. 
The  company  undertakes  plumbers'  work  on  moderate 
terms. 

Gloucesteb  (population  80,000). — The  Local  Board 
of  Health  hold  the  water  works  in  trust  for  this  city. 
For  domestic  purposes  the  rates  are  moderate,  houses 
under  £10  paying  Ss.  8(2.  per  annum ;  from  J610  to 
deeo,  5  per  cent. ;  JB60  to  £10,  8i  per  cent. ;  £70  to 
£80,  8i  per  cent;  above  £80,  8}  per  cent.  Meter 
rates  were  only  determined  on  in  December,  1862 ; 
range  from  6d.  per  1,000  gallons  on  the  million  and 
upwards,  to  Is.  per  thousand  gallons  under  100,000 
gallons.  Service  box  cisterns  are  not  enforced, 
although  generally  adopted  by  the  better  class  of 
consumers. 

Derby  (population  45,000). — ^A  private  company 
supplies  this  city.  The  supply  is  constant  at  high 
pressure,  and  is  of  good  quality.  All  house  apparatus 
and  fittings  are  in  accordance  with  the  regulations  of 
the  company,  and  subject  to  the  inspection  t)f  their 
officers.  Service  box  cisterns  to  closets  are  strictly 
enforced.  No  overflow  or  waste  pipes  are  permitted 
to  cisterns  without  meters,  and  rain  water  carefully 
excluded  therefrom.  The  scale  of  rates  for  domestic 
use  and  by  meter  is  moderate.  The  Local  Board  of 
Health  contracts  for  the  supply  of  baths  and  wash- 
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houses,  at  the  rate  of  8d.  per  1,000  gallons.  Water 
for  streets,  when  not  drawn  from  the  river,  is  charged 
at  the  lowest  meter  rate.  The  consumption  is  rather 
above  19  gallons  per  head  per  day,  including  numerous 
wells  and  large  manufactories. 

Nottingham  (district  population,  76,000).  —  We 
cannot  say  too  much  in  commendation  of  the  superior 
arrangement  and  management  of  the  water  works  of 
this  town,  for  whilst  the  greatest  economy  is  used,  an 
abundant  amount  of  contentment  is  manifested  by  the 
consumers :  the  consumption  averaging  17  galls,  per 
head  per  day.  A  constant  high  pressure  supply  has 
been  maintained  by  the  company  for  the  last  20  years. 
Overflow  or  waste  pipes  to  cisterns  are  prohibited,  but 
warning  pipes  in  exceptional  cases  fitted  with  the 
approval  of  inspectors.  All  water  closet  cisterns  are 
fitted  with  service  boxes,  and  in  no  case  is  rain  water 
allowed  to  flow  into  any  such  cisterns.  No  supply  is 
allowed  to  be  laid  on  or  apparatus  fixed  by  any  other 
than  an  authorised  plumber  or  the  workmen  of  the 
company.  The  rates  vary  according  to  the  level  sup- 
plied :  consumers  by  meter  pay — 

Price  per  1,000  gallons. 
Lower.        Middle.    Higher. 
d,  cL  d. 

Not  exceeding      50,000  galls.       6  9  12 

„         „  400,000  galls.      4i  6|  9 

Exceeding       1,600,000  galls.       3  4^  6 

Tanks  with  meters  affixed  are  placed  in  suitable  parts 
of  the  town  for  supplying  carts  for  street  watering,  a 
cart  being  filled  in  three  minutes,  the  Local  Board 
paying  the  lowest  meter  rate.      The  company  have 
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adopted  call-books  for  complaints,  repairs,  &c., 
plumber's  book  for  instnictioiiy  and  issue  cards  for 
securing  attention  to  the  work  required  to  be  done. 

Norwich  (population  75,000). — The  water  works  of 
this  city  furnish  another  example  of  good  management. 
The  average  consumption  for  private  and  public  pur- 
poses is  14^  gallons  only.  A  beneficial  change  is  due 
entirely  to  the  zealous  care  in  distribution,  seconded 
in  a  praiseworthy  manner  by  a  discriminating  public. 
The  company  does  a  large  portion  of  the  plumbing  and 
water  fittings,  the  best  feeling  exists  between  the 
various  tradesmen  and  the  officers  of  the  company. 
The  service  box  cisterns  here  provided  for  closets  are 
very  simple,  effective,  and  not  liable  to  get  out  of 
order ;  iron  rods  take  the  place  of  wire.  The  cost  is 
also  so  small  as  to  be  within  reach  of  the  poorer 
classes.  Patterns  of  those  and  cast-iron  street  or 
courtyard  stand  pipes  will  be  submitted  to  the  inspec- 
tion of  the  Plymouth  Water  Committee.  The  same 
regulations  are  in  force  here  as  at  Nottingham  as  to 
domestic  supply,  &c.  The  rates  are  moderate,  com- 
mencing at  4«.  4(2.  per  annum  for  tenements  under  £5 
per  annum ;  above  £&  and  under  dClOO,  5  per  cent. ; 
above  £100,  4^^  per  cent.  This  is  exclusive  of  water 
closets,  which,  with  stables,  gardens,  &c.,  are  charged 
extra.  Meter  rate — ^Not  exceeding  200,000  gallons 
per  annum.  Is.  per  1,000  gallons ;  not  exceeding 
1,000,000  gallons  per  annum,  10(2.  per  1,000  gallons  ; 
exceeding  1,000,000  gallons  per  annum,  8d.  per  1,000 
gallons ;  Local  Board  for  street  watering,  if  amounting 
to  7,000,000  gallons  per  annum,  Id.  per  1,000  gallons. 
It  might  be  noticed  that  the  Town  Council  of  this  city 


368  THE  DISCHARGE  OF  WATER  FROM 

guaranteed  the  Water  Company  5  per  cent,  on  their 
outlay,  after  which  the  Council  was  to  receive  a  moiety 
of  the  profits.  The  civic  authorities  of  Edinburgh  have 
adopted  the  arrangements  carried  out  in  this  city,  and 
we  heartily  recommend  their  application  where,  neces- 
sary, for  Plymouth. 

Leicesteb  (population  69,000).  —  The  supply  of 
water  to  this  town  is  in  the  hands  of  a  private  com- 
pany, who  have  expended  the  sum  of  £90,000.  The 
Local  Board  of  Health  holds  680  shares,  and  is 
entitled  to  half  the  profits  after  a  dividend  of  5  per 
cent,  shall  have  been  paid  to  the  shareholders.  The 
water  is  at  high  pressure  and  continuous.  Storing 
cisterns  for  house  purposes  are  not  much  used,  but  if 
adopted  must  be  without  waste  pipes,  or  inlet  of  rain 
water.  Water  closets  in  all  cases  are  fitted  with 
flushing  service  boxes,  or  must  be  self-acting  apparatus. 
The  scale  of  rates  ranges  from  6  per  cent,  on  low 
rentals  to  8^  per  cent,  up  to  £100,  and  8  per  cent 
above  £200.  Water  rates  range  from  Sd.  per  1,000 
gallons  the  TniniTtinm  to  lOd.  per  1,000  the  maximum. 
The  Local  Board  of  Health  is  charged  2^.  per  1,000 
for  street  watering,  having  meters  attached  to  the 
mains.  The  company's  regulations  to  prevent  waste 
of  water  are  strictly  enforced. 

Great  Yarmouth  (population  80,000). — This  town 
has  the  benefit  of  a  well-governed  water  company. 
There  is  a  constant  supply  at  high  pressure.  The 
scale  of  rates  is  6  per  cent,  on  the  rental  up  to  £100 
per  annum,  with  6  per  cent,  on  the  excess  in  addition 
— ^this  including  one  water  closet  only — 6s.  per  annum 
is  charged  for  sJl  others  in  addition,  and  10«.  for  baths. 
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The  meter  rate  is  also  high,  ranging  from  2«.  per 
1,000  gallons  to  1«.  8(2.  The  Local  Board  has  an 
especial  rate  for  watering  the  streets.  Water-closets 
are  in  all  cases  fitted  with  double-valve  service  boxes  ; 
but  few  cisterns  for  domestic  supply  are  in  use  (not 
being  needed),  but  in  these  overflow  and  waste  pipes 
are  prohibited.  The  manager  of  the  company  will, 
however,  permit  detective  or  warning  pipes  where  neces- 
sary. The  company  is  willing  to  execute  all  plumbers' 
work  if  required,  but  all  such  work  must  be  done  under 
inspection.  We  have  during  our  tour  of  inspection 
kept  in  view  the  object  for  which  it  was  proposed, 
namely,  that  of  ascertaining  the  means  by  which  a 
constant  supply  of  water  may  be  secured  to  the 
inhabitants  of  this  borough,  and  to  suggest  the  prac- 
tical application  of  such  means.  The  attainment  of 
so  desirable  an  object  can  be  secured  very  speedily  by 
the  submission  of  water  consumers  to  the  absolute 
control  of  appointed  officers  over  all  fittings,  and  the 
adjustment  of  apparatus  of  every  kind.  Having  wit- 
nessed the  beneficial  effect  of  such  wholesome  regula- 
tions as  have  been  referred  to  in  the  preceding  remarks, 
we  cannot  but  anticipate  similar  advantages  by  their 
adoption. 

In  Plymouth. — ^We  desire  therefore  to  recommend 
the  general  application  of  the  rules  and  regulations  as 
adopted  in  Nottingham  and  Norwich,  which  embody 
among  them  the  following  provisions — 1st,  that  all 
applications  for  the  supply  of  water,  notice  of  insuffi- 
cient supply,  and  other  complaints,  be  recorded  in  a 
call  book;  that  visiting  cards  be  issued  authorising 
the  attendance  of  the  workmen  necessary,  and  a  com- 
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plete  registry  being  kept  of  all  such  work  performed  ; 
2nd,  that  wherever  practicable,  cheap  water  closets 
be  recommended  in  lieu  of  open  privies ;  8rd,  that 
all  water  closets  be  fitted  with  full  and  complete  appa- 
ratus for  flushing  by  means  of  service  cisterns,  or  such 
other  description  of  closets  as  shall  be  approved, 
and  that  valves  be  worked  by  rods  instead  of  wires  ofr 
chains ;  4th,  that  cisterns  be  without  overflow  or 
waste  pipes,  but,  with  the  approval  of  officers,  detective 
or  warning  pipes  be  substituted;  5th,  that  high 
pressure  taps  be  introduced  with  new  fittings,  and  all 
drawing  and  ball  taps  to  be  of  the  approved  kinds : 
in  open  court  yards  and  exposed  places,  taps  to  be 
protected  with  iron  casing,  and  be  made  to  open  with 
keys  supplied  to  the  ratepayers  only ;  6th,  that  wire 
gauze  screens,  in  the  absence  of  filtration,  be  placed 
where  desired  by  your  surveyor.  We  also  further 
recommend  that  as  soon  as  practicable  the  condition 
of  aU  the  fittings  and  premises  at  present  supplied  with 
water  be  duly  registered,  with  a  view  to  an  early  repair 
and  correction  where  necessary.  It  is  not  necessarj-, 
in  adopting  the  preceding  recommendations,  that  the 
supply  of  water  shall  in  any  degree  be  stinted,  but 
the  exercise  of  a  moderate  amount  of  economy  would 
enable  a  constant  supply  to  be  given,  and  would  doubt- 
less tend  to  the  development  of  many  branches  of 
manufacture  in  the  town  in  which  water  forms  an 
essential.  The  domiciliary  visits  for  the  inspection  of 
premises  would  be  in  no  way  offensive,  but  would  be  of 
the  same  nature  as  those  now  made  for  inspection 
of  gas  apparatus,  and  we  have  the  evidence  of  numerous 
householders  in  towns  we  have  visited  that  the  greatest 
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respect  and  civility  are  manifested.  It  is  not  our  aim 
or  desire  to  abolish  cisterns  now  in  use,  hut  the 
CONSTANT  SUPPLY  SYSTEM  Will  tender  SO  large  an  expen- 
diture unnecessary  in  future,  cisterns  for  flushing  closets 
being  then  only  necessary. 

THICKNESS   OF  PIPES  FOB  WATEK  WOBKS. 

It  is  evident  that  the  thickness  of  a  pipe  should  be 
at  least  sufficient  to  bear  the  pressure  of  the  atmos- 
phere,  and  therefore  the  whole  pressure  in  a  pipe  is 
best  expressed  by  a  determinate  number  of  pressures, 
each  equal  to  that  of  a  column  of  water  88  feet  high. 
If  n  be  the  number  of  such  pressures,  or  the  number 
of  units  each  equal  to  88  feet  high,  d  the  diameter  of  the 
pipe  in  inches,  and  t  the  thickness,  also  in  inches,  we 
shall  have  for 


1.  Iron  pipes,  plate  . 

2.  Iron  pipes  cast  horizontally 
8.  Iron  pipes  cast  vertically 

(A.)  ^  4.  Copper  pipes,  plate  . 

5.  Lead  pipes    . 

6.  Zinc  pipes 

7.  Artificial  stone     . 


•0009  «  d  +  '18 

•0024  nd+  -83 

•0016  nd+  '32 

•0016  nd  +  •le 

•0024  nd+  •IQ 

•0051  n  d  +  -16 

•0054  71(2+  1^60 


For  cast-iron  pipes  the  engineer  of  the  Paris  water 
works,  M.  Dupuis,  adopted  in  his  practice  a  formula 
which  is  equivalent  to 
(B.)  t  =  -0016  nd  +  -82  +  'OlSd 

in  the  foregoing  measures.     This  formula  may  also  be 
expressed  as  follows : — 
(C.)  t  =  (-0016  n  +  -013)  d  +  -82. 

If  d  be  12  inches,  and  n  =  9,  corresponding  to  a 
pressure  of  297  feet,  we  shall  find  from  the  last  equa- 
tion, t  =  (-0144  +  -018)  X  12  +  -82  =  -8386  +  '82 
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=  '6BS6  inch.  All  pipes  should  however  be  proved 
with  ten  atmospheres,  or  330  feet,  and  in  practically 
applying  the  above  formulae  in  equation  (A),  for  finding 
the  thickness  of  pipes,  the  value  of  n  should  always 
have  10  added  to  it.  Hence,  applying  formula  (A), 
No.  3,  to  our  example,  we  get  t  =  -0016  x  19  x  12 
+  "82  =  '6848  inch,  which  is  the  same  practically  as 
found  from  equation  (C). 

SEWERAGE   COST. 

As  for  water-works,  the  minimum  rain-fall  of  a 
district  should  be  calculated  upon ;  so  the  maximum 
fall  must  be  considered  for  sewerage  and  drainage 
works.  We  have  already  shown,  page  340,  that  for  a 
population  of  80  persons  per  statute  acre,  and  a  dis- 
charge of  two-fifths  of  an  inch  in  eight  hours,  sewers 
should  be  calculated  to  discharge  about  3^  cubic  feet 
per  minute,  the  rain  supply  being  about  seven  times 
the  house  supply,  or  sewage,  including  house  water 
supply.  Instances  are  quoted  in  which  the  discharge, 
after  a  heavy  rain-fall,  amounted  to  20^  cubic  feet  per 
minute  per  acre,  as  in  the  Savoy-street  sewer,  which 
of  course  was  principally  surface  water,  as  the  sewage 
of  80  persons  at  7  cubic  feet  per  person,  one-half  of 
which,  if  discharged  in  eight  hours,  would  only  be 

^.       o  =  86  cubic  feet  per  hour,  or  ^  =   '69  feet 

nearly  per  minute,  which  is  only  about  the  thirty-third 
part  of  20i  feet.  In  other  words,  the  storm  waters 
were  thirty-three  times  the  amount  of  house  sewage. 
It  would  be  waste  to  provide  drainage  for  so  much 
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surface  water  considered  in  itself,  where  it  can  be 
passed  off  from  the  surface  channels.  But  sewage  is 
not  water,  and  it  is  essential,  in  the  greater  number  of 
cases,  that  sewers  should  be  flushed  occasionally.  It 
is  absurd  to  calculate  the  size  of  sewers,  as  if  the 
sewage  matter  were  thoroughly  diluted  or  passed  off 
like  water.  In  fact,  the  sewage  in  part  lies  at  the 
bottom  of  the  sewer,  or  is  deposited  there  in  nine 
cases  out  of  ten,  while  the  house  supply  of  water 
passes  on  and  escapes  over  it,  removing  only  diluted 
and  detached  portions.  It  is,  therefore,  of  import- 
ance, where  artificial  flushing  and  cleansing  out  are 
not  provided,  that  storm  waters  should  occasionally 
pass  through  and  flush  a  system  of  sewers,  particularly 
the  main  or  arterial  lines.  An  engineer  must  be 
guided,  in  calculating  the  dimensions,  &c.,  of  main 
sewers,  by  the  circumstances  of  each  case.  The  incli- 
nations to  be  obtained,  the  form  of  the  bottom  or 
invert,  the  rain-fall,  the  amount  of  sewage  which  will 
not  affect  the  size  to  any  considerable  extent,  the 
material  and  the  cost  consistent  with  permanency. 

The  discharging  power  of  a  water  channel  is  more 
than  doubled  by  increasing  its  dimensions  by  one- 
third  ;  and  it  is  increased  in  the  proportion  of  5'7  to 
1  by  doubling  the  dimensions.  By  giving  four  times 
the  fall,  the  same  channel  will  only  double  the  dis- 
charge. Now  a  pipe  2  feet  in  diameter  with  a  fall  of  1 
in  200,  would  discharge  fully  1000  cubic  feet  of  water 
flowing  full  with  a  velocity  of  6*4  feet  per  second :  at 
8i  cubic  feet  per  minute  per  acre,  for  a  population  of 
80  to  the  acre,  the  thoroughly  diluted  sewage  of  280 
acres  would  be  passed  off  by  one  such  pipe ;  that  is, 
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the  sewage  from  20,400  persons,  on  280  acres,  and 
also  two-fifths  of  an  inch  of  rain  falling  for  eight 
hours,  can  be  conveyed  off  by  a  2  feet  pipe,  with  a  fall 
of  1  in  200.  But  as  this  rain  supply  is  about  seven 
times  the  house  supply,  passing  2^  feet  per  person  off 
in  eight  hours,  made  up  of  faeces  and  used-up  water 
supply,  it  is  apparent  that  such  a  pipe  would  convey 
about  eight  times  the  sewage  alone  of  the  district,  if 
flowing  as  water;  and,  under  any  circumstances, 
would  be  abundantly  large  for  the  duty,  even  when 
assuming  the  whole  quantity  to  pass  in  at  the  upper 
end.  For  a  fall  of  1  in  800,  two  such  pipes  would  be 
required,  or  one  pipe  82  inches  in  diameter  ;  for  a  fall 
of  1  in  8,200,  four  2  feet  pipes  would  be  required,  or 
one  pipe  8  feet  6  inches. 

House  drains  should  not  be  less  than  6  inches  in 
diameter,  and  should  have  facilities  for  being  cleaned, 
either  by  using  half-flange  joints,  or  by  having  a 
moveable  upper  segment.  The  inclination  for  these 
drains  should  be  uniform,  but  the  amount  is  not  so 
important  as  some  appear  to  think,  if  proper  provision 
be  made  for  cleaning.  Where  flushing  is  used,  cast- 
iron  pipes  are  the  best,  but  they  are  also  the  most 
expensive.  House  drains  of  brick  with  a  V  tile 
bottom  covered  with  flags  or  bricks  are  perhaps  the 
best,  as  the  capacity  can  be  considerably  augmented 
by  adding  to  the  height  of  the  sides,  and  they  can  be 
at  all  times  easily  opened  and  cleaned.  If  inclinations 
from  1  in  50  to  1  in  20  can  be  had,  so  much  the 
better.  The  following  items  as  to  cost  have  been 
selected  from  the  "  Builder  "  :— 
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COST  OF  SEWEBtly   KEWPOBT,   HONMOVTHSHIUE. 

Total 

Ayerage 
dei>thB. 

Sizes  of  sewera. 

ThicknesMS. 

Cost  per 
footlineaL 

feet 

ft.    in. 

ft.  in.      ft.  in. 

in. 

t.     d. 

1,322 

15      6 

4    6  by  8    6 

9 

11     8 

2,217 

18      0 

4    6  by  3    0 

9 

10     li 

6,110 

12      0 

3    0  by  2    2 

9 

7  n 

12,364 

11      8 

3    0  by  2    2 

6 

5    3} 

1,958 

9      8 

2    6  by  1  10 

6 

4    7 

9,6«8 

10      0 

2    6  by  1  10 

4i 

3      8; 

690 

10      2 

2    3  by  1    9 

4i 

3    5 

8,264 

8      6 

1    2  diameter 

4i 

2    4} 

COST   OF   SEWERS  AND   FIFES    IN  FRESTON. 

The  following  extract  from  a  published  summary 
of  public  works  executed  during  the  year  ending 
April  80th,  1859,  contains  some  useful  informa- 
tion : — 

Yards. 

60  of  Brick  Sewers,  2  ft.  6in.  diameter  at  7s. 

538  3ft.  by  2ft.,  at  lis.  ed 

294  3fL  6in.  by  2ft.  4in.,  at  28«.      . 

372  3ft.  9in.  by  2ft  6in.,  at  28«.  . 

260  4fl.  3in.  by  2ft.  lOin.,  at  41*.  9rf.      .     . 

66  4ft.  6in.  by  3ft.,  at  768.  Id.   . 

66  4ft.  6in.  diameter,  at  40*.  9<2.    . 


1,686 


42  of  Cast-iron  Sewer,  2ft.  diameter,  at  86«. 
22  of  Earthenware  Pipe  Sewer,  6in.  diame< 

ter,  at  4ff. 

1,129  9in.  diameter,  at  Is.  bd.   .        .        .     . 
665  12in.  diameter,  at  8*.  9c{.       .        .        . 
88  15in.  diameter,  at  lis.  ^.  .     .    49 

98  18in.  diameter,  at  18«.  . 
145  21in.  diameter,  at  18«.  6<2. 


2,089 


£     B. 

d. 

£     8. 

d. 

21    0 

0 

470  16 

0 

412  12 

0 

520  16 

0 

521  17 

6 

211  12 

8 

134    9 

6 

—2,298    2 

8 

76  12 

A 

4    8 

0 

418  18 

5 

247    8 

9 

49  10 

0 

63  14 

0 

134    2 

6 

917  11 

8 

Total,  including  superintendence,  also  man-holes,  street 
gullies,  and  all  appurtenances      .... 


£8,286    6    4 
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TABLE  showing  the  prices  of  TuhvXar  Drains  as  made  by  the  Board  of 
Health  in  1852,  fifty  per  cent,  hdng  added  for  profit^  die. ;  and  the 
sale  prices  in  the  market. 


is 


6 
6 
9 


Lengtbs. 


Red 
earthen- 
ware pipes 
made  by 
the  Board 


For  1,000  feet 
For  1,000  feet 
For  1,000  feet 


£  s.    d, 

6  15    0 

9  14    0 

15  1    6 


Bed  pipes 
at  &le 
prices. 


£   8.  d. 

20  16  8 

25    0  0 

87  10  0 


Stoneware 
glased  at 

Bale 
prices. 


£  S.  d. 

25  0  0 

29  3  4 

50  0  0 


Assumed  gain. 


On 

red  ware 
pipea. 


Orer 
glased 


pipes. 


£    s,    d,£    8,    d, 
14    1     818    5    a 


15    6    0 


19    9    4 


22    8    6  84  18    6, 


Did  the  Board  of  Health  here  add  the  cost  of  their  own  establish- 
ment and  staff  to  the  cost  of  production?  The  manufactorer  and 
salesman  mnst  sorely  liye,  at  least  the  Author  thinks  so. 

The  following  estiinates  were  made  for  laying  pipes 
at  Tottenham^  not  including  their  cost : — 


Diameter 

of  pipe 

in  inches. 

Depth 
6  feet. 

Depth 
8  feet. 

Depth 
10  feet 

6 

8K 

lid. 

I2d, 

9 

9K 

Uid. 

15id, 

12 

llirf. 

15K 

19ld. 

The  cost  of  laying  alone  at  St.  Thomas's,  Exeter, 
was — 


6  inch  pipes 

9 
12 
15 
18 


99 


99 


99 


5d,  per  foot  lineal 

6d, 

Sd, 

9d. 


f* 


19 


99 


99 


99 


3  to  4  feet  deep. 
3  to  4  feet  deep. 
5  feet  deep. 
5  feet  deep. 
5  feet  deep. 


lid. 

2d,  per  foot  lineal  for  rela3ring  pitching  ;  id.  for  macadamised 
roads ;  and  6d.  for  pavements. 
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KSTIXATE  FOR  8EWSBS  AT  BBIOHTON. 


Piioo 

Length  in  ymrdi. 

yard. 

Amount 

Brick  S^irers : — 

Diameter. 

£  s. 

£        s. 

6  ft 

4,850 

8  10 

16,975    0 

4ft.  6in. 

850 

2  10 

875    0 

4  ft.  6  in.  by  8  ft.      .     . 

4,000 

2    8 

9,600    0 

8 ft.  9 in.  by  2 ft.  6in.  . 

1,890 

2    2 

8,969    0 

8ft.  by  2ft.      .        .     . 

2,820 

1  16 

6,076    0 

2ft.  8 in.  by  1  ft.  6 in.  . 

8,580 

0  18 

7,722    0 

Total  brick  aewers       .     . 
Earthentoare  Pipe  Sewers  : 

22,490 

s.    d. 

15  inches  diameter 

9,466 

18    6 

6,889  11 

12        „                   9f               •       • 

44,480 

10    0 

22,215    0 

Total    earthenware    pipe 

O^  n  Vri.9     •                 •                 •                 • 

58,896 

Cast-iron  Pipe  Sewers : — 

£   «. 

8  in.  diameter  .        .     . 

750 

7    0 

5,250    0 

1  ft.  6  in.  ,, 

1,260 

8    0 

8,780    0 

Total  cast-iron  pipe  sewers 
Total  length  of  sewers 

2,010 

78,896 

Or  44  miles  956  yards 

Man  holes  and  yentHating 

Number 

shafts        .         .         .     . 

600 

20    0 

12,000    0 

Lamp-holes 

600 

4    0 

2,400    0 

Gulhes        .         .         .     . 

8,000 

8  10 

10,500    0 

Outlet    works,   overflows, 

and  extra  work  on  steep 

gradients,  &c. 

5,000    0 

Contingencies,    including 

rppaira,   *«.,   of  PTiMting 

sewers,  10  per  cent. 

Total        .        .    . 

11,178    9 

£122,980    0 

The  author  has  constructed  a  large  quantity  of  main 
sewers,  from  18  inches  to  2  feet  and  2  feet  6  inches 
wide,  and  4  feet  6  inches  high;  the  side  walls  built 
with  nibble  masonry,  9-inch  segment  inverts  laid  with 
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4^-mch  courses  in  cement ;  the  top  sometimes  flagged, 
when  flags  of  sufficient  length  could  be  procuredi  and 
sometimes  arched  with  rough  rubble  arches.  The 
invert  was  laid  on,  well  beddedy  well  rammed,  rubble 
to  prevent  subsidence,  and  preserve  the  bottom  incli- 
nation uniform.  The  cost,  at  an  average  depth  of 
about  9  feet,  was  9a.  per  running  foot,  the  side  walls 
being  about  18  inches  thick.  Upright  side  walls, 
where  rubble  is  cheap,  have  many  advantages  in  giving 
a  considerable  increase  of  capacity  for  a  small  outlay. 
The  tenement  and  house  drains  were  of  earthenware 
pipes.  Cast-iron  gully  grates  and  traps,  weighing  8 
cwt.,  cost  80a.  each ;  the  grate  fastened  by  a  wrought- 
iron  chain. 

The  following  regulations  were  laid  down  for  Cam- 
bridge and  Carlisle : — 

STIPULATIONS  FOR  CAMBRIDGE  DRAINAGE. 

*'  Water  from  tlie  rear  of  prenuses  should  not  be  conveyed  to  the 
front  under  the  basement  floor. 

"  Rain-water  from  the  roofs  should  not  be  conveyed  into  the  base- 
ment, but  conducted  into  the  sewer  by  shallow  drains. 

''Cast-iron  pipes  may  be  used  for  basement  drains  in  some  in- 
stances. 

''The  scuUery  sink  should  be  kept  as  high  as  possible,  and 
approached  by  a  step.  A  flat  trap  should  be  fixed  between  the  sink 
and  sewer. 

"  There  should  be  no  water-closet  on  the  basement  floor ;  if  it  can- 
not be  arranged  elsewhere,  the  soil-pipe  should  haVe  a  flap  trap,  or 
similar  contriyance,  to  prevent  the  influx  of  sewage  water." 

FOR  CARLISLE  DRAINAGE. 

"  Stipitlation  1. — If  water-closets  are  to  be  generally  used,  the 
description  of  such  to  be  sanctioned  by  the  Board,  the  same  to  be  fixed 
to  the  satisfaction  of  the  Surveyor. 
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'*  2. — ^All  down-spouts  to  be  connected  with  the  sewers  where  it  may 
be  proper  to  connect  the  siune  ;  in  all  cases  where  they  are  not  con- 
nected with  the  sewer  they  are  to  be  connected  with  the  channeL 

"  3. — ^All  stench  traps  to  be  similar  to  samples  furnished  by  the 
Surveyor,  or  others  approved  by  him,  and  properly  fixed  to  his  satis- 
faction. 

**  i. — ^All  sewers  to  water-closets  not  to  be  less  than  six  inches 
diameter. 

**  5. — ^All  sewers  to  yards,  stables,  kitchens,  and  sculleries,  not  to 
be  less  than  four  inches  diameter. 

**  6. — In  every  case  the  whole  of  the  fall  to  be  made  available  from 
the  junction  with  the  main  sewer  to  the  end  of  the  private  drain,  that 
is  to  say,  only  one  inclination  to  bo  used  from  the  junction  with  the 
public  sewer  to  the  end  of  the  private  drain  ;  and  all  branches  from 
the  private  drain  to  sinks,  water-closets,  &c.,  to  have  one  inclination 
frt>m  the  junction  of  such  drain.  None  of  the  above  instructions  to 
be  departed  from  without  the  express  sanction  of  the  Surveyor. 

**  7. — In  no  case  must  a  private  drain  be  put  in  with  a  less  fall  than 
one  in  fifty,  without  the  sanction  of  the  Surveyor. 

"  8 — No  pipes,  water-closets,  stench  traps,  gullies,  kitchen  sinks, 
bends,  junction  or  tapering  pipes,  to  be  used  without  being  approved 
by  the  Surveyor. 

"  9. — All  ash  pits  and  dung  depdts  to  be  raised  to  the  level  of  the 
adjoining  ground,  to  be  properly  paved  and  drained  as  the  Surveyor 
may  direct. 

'*  10. — ^All  buildings,  outhouses,  Ac,  to  be  properly  spouted,  and 
the  water  conveyed  into  the  sewers  where  approved  of  by  the  Sur- 
veyor." 

THOROUGH  LAND  DRAINAGE. 

The  following  instructions  and  general  specifications, 
have  been  prepared  by  the  Commissioners  of  Public 
Works  in  Ireland,  for  the  use  of  the  district  inspectors, 
and  persons  reporting  on  thorough-drainage.  The 
drains  are  made  in  general  parallel,  and  to  suit  the 
fall  of  the  ground.  The  depths  must  alter  in  order 
that  the  bottoms  should  have  an  uninterrupted  fall,  and 
may  vary  from  2  feet  to  4  feet  6  inches  in  practice. 
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averaging,  say  about  8  feet  6  inches,  bat  dependent 
on  circumstances.  The  portions  printed  in  italics 
are  from  specifications  prepared  by  officers  of  the 
Board,  and  are  varied  according  to  each  particular 
case: — 

GENE&AL  0B8SBYATI0K8. 

**  No  drainage  works  should  be  undertaken  until  it  has  boen  clearly 
ascertained  that  the  surface  level  of  the  maximum  floods  in  the  main 
drain  can  be  discharged  at  a  level  that  will  admit  of  the  submain 
drains  venting  the  waters  from  the  lowest  point  of  the  lands  proposed 
to  be  thorough-drained,  at  a  level  sufficiently  below  the  8ur£eu:e  of  such 
land,  that  the  highest  floods  shall  not  prevent  the  free  discharge  of 
such  submain. 

"When  sufficient  out-fall  can  be  obtained,  no  open  main  drain 
should  be  of  a  less  depth  than  five  feet,  and  in  all  cases  a  greater  depth 
is  desirable,  in  order  to  insure  a  permanent  and  efficient  drainage,  and 
at  the  same  time  to  prevent  cattle,  Ac,  from  crossing. 

'*  As  it  has  been  found  by  practical  experiments  on  different  varie- 
ties of  soils,  that  deep  drains,  say  from  four  to  five  feet  deep,  are  more 
effective  than  shallow  ones  :  they  should  always  be  estimated  for,  when 
the  open  main  drains  admit  of  their  being  cut  to  that  depth,  or  when, 
by  a  moderate  outlay  x>er  acre,  the  main  drains  can  be  cut  to  a  suffi- 
cient depth ;  the  distance  between  the  parallel  drains  must  necessarily 
vary  with  the  texture  of  the  soil, — ^forty  feet  may  be  taken  as  a  general' 
mle. 

OPXN  MAIN  DKA.IK8. 

"  Main  drains  should  have  gradients  of  such  inclination,  and  be 
sunk  to  a  depth  that  will  admit  of  the  above  stipulations,  as  to  the 
dischai^  of  the  submain  drains  being  carried  out.  They  should  have 
such  width  at  bottom  and  side  slopes  as  may  be  necessary  ;  and  be  free 
of  sharp  angles,  projecting  stones,  and  other  impediments  to  the  quick 
dischai^  of  the  waters. 

"  The  spoil  or  material  raised  in  sinking  and  improving  the  drains, 
where  not  available  for  filling  up  useless  holes  or  drains,  should  be 
removed  to  a  proper  distance  from  the  edge  of  the  main  drains,  and 
dressed  off  in  a  workmanlike  manner. 

"  The  abutments  and  piers  of  such  bridges  as  have  sufficient  breadth 
of  water-way,  should,  if  necessary,  be  carefully  under-pinned  ;  and 
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those  bridges  which  are  insofficient  to  discharge  ffoods,  should  be 
taken  down  and  rebnilt  of  suitable  dimensions. 

COVSKKD  MAIN  DRAINS. 

"  Whenever,  from  the  nature  of  the  lands,  the  extent  of  the  district 
under  drainage,  and  the  quantity  of  water  to  be  voided,  it  may  be 
necessary  to  form  covered  main  drains  to  receive  the  water  discharged 
from  the  submains,  their  dimensions  must  be  proportional  to  the 
amount  of  water  to  be  voided,  well  flagged  or  paved  at  bottom,  the 
sides  built  of  stone  or  brick,  and  covered  with  a  flag  or  arch  at  top. 

SUBMAINS. 

"  The  submains  to  be  of  such  depth  and  width  at  top  and  bottom 
as  may  be  necessary.  The  fall  in  each  to  be  as  great  as  the  above- 
described  main  drainage  of  the  district  will  allow,  and  not  to  be 
allowed  to  run  beyond  a  suitable  length  without  dischaiging  itself  into 
a  covered  or  open  main  drain. 

THE  MINOB  DRAINS 

"  To  be  of  such  depth,  width  at  top  and  bottom,  and  at  such  distance 
apart,  as  will  secure  the  perfect  drainage  of  the  land,  to  be  run  in  a 
straight  direction  parallel  to  each  other,  directly  up  and  down  the 
declivity,  unless  where  the  declivity  happens  to  be  very  steep,  and 
then  to  be  carried  across  the  fall  at  such  an  angle  as  to  secure  a  free 
discharge  for  the  water.  The  fall  in  each  minor  drain  to  be  as  great  as 
the  main  drainage  and  submain  drainage,  previously  described,  will 
admit. 

*'  In  filling  in  the  stones,  great  care  should  be  taken  that  the  bottom 
of  the  diain  be  clean,  and  that  no  clay  or  dirt  be  put  in  with  them  ; 
a  sod,  grass  side  down,  or  a  few  inches  of  tough  clay,  to  be  placed  on 
the  surfiM^  of  the  stones,  and  trodden  firmly.  The  drain  should  then 
be  filled  up  with  the  stuff  previously  shovelled  out,  observing  to  keei> 
the  active  soil  for  the  top.  The  putting  in  of  the  stones  to  be  com- 
menced at  the  highest  part  or  head  of  the  drain. 

''  In  using  draining  pipes  or  other  tiles,  care  should  be  taken  that 
they  be  laid  firmly  on  the  bottom  for  their  entire  length,  so  as  to  pre- 
vent them  being  deranged  by  the  filling  of  the  drain,  and  that  the 
points  be  fitted  as  closely  together  as  possible. 

**  In  cases  of  unfavourable  ground,  caused  by  running  sand  or  other- 
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wise,  whereby  the  level  of  the  condnit  might  be  deranged,  collared 
pipe  tiles  offer  considerable  advantages  in  the  way  of  remedy. 

**  When  gripes  may  be  necessary  on  the  sides  of  farm  roads,  they 
should  be  on  the  field  side  of  the  fences." 


SPECIFICATION  FOR  MAIN  DRAINAGE. 

OPEN  MAIN  DBAIK8. 


« 


The  deepening  and  improving  of  the  main  drain,  No. ,  is  to 

be  commenced  at  the  point on  the  accompanying  map,  and  from 

thence  a  gradient  carried  np  to  the  point ,  having  an  inclination 

of  at  least feet  per  statute  mile,  and  sunk  to  the  depth  of 

feet.     It  shall  be feet  wide  at  bottom,  and  the  side  slopes  shall 

average at  least,  unless  in  rock  cutting,  when  the  side  slopes  may 

be  diminished  to  six  inches  to  one  foot ;  all  sharp  angles,  projecting 
stones,  and  other  impediments  to  the  free  discharge  of  the  water,  must 
be  carefully  removed.  The  spoil  or  material  raised  in  sinking  and 
improving  the  drain,  when  not  immediately  used  for  top-dressing  the 
acyoining  lands,  or  for  filling  useless  holes  or  drains,  is  to  be  removed 

to  a  distance  of feet  from  the  edge  of  the  main  drain,  and  dressed 

off  in  a  workmanlike  manner. 

"  The  bridge  marked  at  the  point on  the  accompanying  map 

to  be . 

**  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  works  to  be  maintained  in  good  order  for  so  long  as  any 
interest  shall  be  payable  for  the  money  advanced  on  account  of  its 
execution." 


SPECIFICATION  FOR  THOROUGH-DRAINAGE 

(WITH  TILES). 

COVERED  MAIN  DRAINS. 

*'  These  shall  be  cut  fifty-four  inches  deep,  thirty -six  inches  wide  at 
top,  tiotniy-four  inches  wide  at  bottom ;  the  materials  used  in  them 
shaU  be  double  row  of  three-inch  pipe  tiles. 

"  The  side  walls  shall  be inches  in  height, inches  thick, 

and  well at  bottom.    They  shall  be  covered  with  a  flag  not  less 

than in  thickness. 
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8UBMAIN8. 

"These  shall  be  cat  j^y  inches  deep,  thirty  inches  wide  at  top» 
eighUen  inches  wide  at  bottom.  They  shall  be  carried  along  the  low 
side  of  the  fields,  or  portions  of  land  to  be  drained,  at  a  distance  from 
the  fence  of  fifteen  feet,  and  through  natural  hollows  where  necessary. 
No  snbmain  to  be  allowed  to  ran  beyond  a  length  of  two  hundred 
yards  without  discharging  itself  into  a  coyered  or  open  main  drain. 

MINOR  DRAINS. 

"  These  shall  be  cut  forty-eight  inches  deep,  sixteen  inches  wide  at 
top,  five  inches  wide  at  bottom,  and  at  a  distance  oi  forty  feet  apart. 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  dediyity  (when  possible).  No  minor  drain  to  be 
allowed  to  nin  beyond  a  length  of  two  hundred  yards  without  discharg- 
ing itself  into  a  submain. 

FILLING  IK. 

'*  All  the  drains  (or  a  large  number  of  them)  haTing  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertained  that 
no  water  is  standing  in  any  of  them,  the  filling  in  may  be  com- 
menced. 

MINOR  DRAINS. 

"  Into  each  minor  drain  shall  be  put  pipe  tiles  tweive  inches  in 
length,  ofM-and-a-Kalf  inch  in  the  ope,  for  iyn/t  hundred  yards,  com- 
mencing from  the  upper  end  of  the  drain,  and  pipe  tiles  twelve  inches 
in  length,  ont'ond-ihree-quarter  inch  in  the  ope,  in  continuation  from 
thence  to  the  submains.  ^ 

SUBMAINS. 

**  Into  each  submain  shall  be  put  pipe  tiles  ttoelve  inches  in  length, 
two  inches  in  the  ope,  for  one  hundred  yards,  commencing  from  the 
upper  end  of  the  drain,  and  pipe  tiles  tufelve  inches  in  length,  three 
inches  in  the  ope,  in  continuation  to  the  end  or  point  where  they  dis- 
charge themselves. 

GENERAL  RT7LES. 

"  All  tiles  to  be  of  good  sound  material,  and  well  burned.  The 
tiles  shall  be  laid  firmly  on  the  bottoms  of  the  drains  for  their  entire 
length ;  the  joiiits  fitted  as  closely  as  possible,  they  shall  be  carefully 
covered  with  a  thin  graaey  sod  or  screen.  The  stufi"  previously  taken 
out  of  the  drains  shall  then  be  returned,  observing  to  keep  the  active 
soil  uppermost. 
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"  The  mouths  of  the  covered  main  or  submain  drains  shall  be  bnilt 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
iis  the  sides  of  the  open  main  drain,  into  which  they  discharge  them- 
selves. 

''Before  laying  the  tiles,  great  care  must  be  taken  that  the  bottom 
of  the  drains  be  clean.  The  putting  in  of  the  tiles  to  be  commenced 
at  the  highest  point  or  head  of  the  drains. 

"  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  of  the  distance  between  each  of  the  minor 
drains,  into  one  or  more  of  which  (as  may  be  necessary)  it  shall  dis- 
charge itself.  The  remainder  of  the  minor  drains  to  be  discontinued 
at  a  distance  from  this  drain  equal  to  one-half  the  entire  distance 
between  each  of  the  minor  drains  ;  this  drain  to  be  of  the  same  dimen- 
810ns,  and  filled  with  the  same  materials,  and  in  like  manner,  as  the 
above  described. 

"  No  open  drain  shall  run  into  a  closed  one. 

"In  passing  through  unfavourable  ground,  caused  by  running  sand 
or  otherwise,  whereby  the  level  of  the  conduit  might  be  deranged,  and 
where  pipe  tiles  are  the  materials  used  for  forming  the  conduit,  collars 
must  be  used,  so  as  to  connect  the  ends  of  the  tUes,  and  they  must  be 
fitted  as  closely  as  possible. 

"  Soles  must,  in  all  cases,  be  used  when  laying  single  D  tiles,  and 
they  must  be  so  laid  that  the  ends  of  the  tiles  shall  rest  equally  on 
them ;  when  inverted  D  tiles  are  used,  they  shall  also  be  connected 
from  end  to  end  by  placing  one-half  of  the  upper  tiles  on  one-half  of 
the  a(^'oining  tiles  below  them. 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner  ; 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execntioD."  [Collars  for  up  to  i-inch 
pipes  can  be  had  at  the  Florence  Conrt  Tilery,'} 

SPECIFICATION  FOR  THOROtJGH-DRAINAGE  (WITH 

BROKEN  STONES). 

COVERED  MAIN  DRAINS. 

"  These  shall  be  cut  forty-tioo  inches  deep,  thirty  inches  wide  at  top, 
tweniy-four  inches  wide  at  bottom  ;  the  materials  used  in  them  shall 
be . 

c  0 
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''The  side  walls  in  them  shall  be  twelve  inches  in  height,   six 

inches  thick,    and  well  at  bottom.      They  shall  be  oovered 

with . 

8UBMAIN8. 

"  These  shall  be  cut  forty-two  inches  deep,  eighteen  inches  wide  at 
top,  fawrteen  inches  wide  at  bottom.  They  shall  be  carried  along  the 
low  side  of  the  fields,  or  portions  of  land  to  be  drained,  at  a  distance 
from  the  fences  of  thirteien  feet,  and  through  natural  hollows,  where 
necessary.  No  submain  to  be  allowed  to  run  beyond  the  length  of  one 
humdred  and  fifty  yards,  without  discharging  itself  into  a  covered  or 
open  main  drain. 

MINOR  DRAINS. 

"  These  shall  be  cut  thirty-six  inches  deep^  fifteen  inches  wide  at  top, 
four  inches  wide  at  bottom,  and  at  a  distance  of  twenty-six  feet  apart. 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  declivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  the  length  of  two  hundred  yards  without  dis- 
charging itself  into  a  submain. 

FILLING  IN. 

"  All  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertained  that  no 
water  is  standing  in  any  of  them,  the  filling  in  may  be  commenced. 


MINOR  DRAINS. 

"  Into  each  minor  drain  shall  be  put  ten  inches  of  broken  stones  in 
depth,  the  stones  having  been  broken  to  a  size  not  exceeding  two-and- 
a-half  inches  in  diameter.  Great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  be  put  in  along  with  the 
stones ;  a  sod  (or  clay,  as  may  be  convenient)  three  inches  thick  shall 
be  placed  carefully  on  top,  and  the  whole  trampled  upon  or  rammed 
hard.  The  drain  shall  then  be  filled  up  with  the  stuff  previously 
shovelled  out,  observing  to  keep  the  active  soil  for  covering  the  top. 
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The  putting  in  of  the  stones  shall  invariably  be  commenced  at  the 
highest  part  or  head  of  the  drain. 

FILLING  IN  SUBMAINS. 

''In  each  submain  a  conduit  shall  be  formed  of  six  inches  in 
height,  finiT  inches  wide,  and  the  filling  in  completed  as  above 
described. 

OENE&AL  KULEB. 

"  The  mouths  of  the  covered  main  or  submain  drains  shall  be  built 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain  into  which  they  discharge  them- 
selves. 

"  Before  filling  in  the  stones,  great  care  must  be  taken  that  the 
bottom  of  the  drains  be  clean,  and  that  no  day  or  dirt  be  put  in  along 
with  them.  The  putting  in  of  the  stones  to  be  commenced  at  the 
highest  part  or  head  of  the  drains. 

"  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  the  distance  between  each  of  the  minor  drains, 
into  one  or  more  of  which  (as  may  be  necessary)  it  shall  discharge 
itself.  The  remainder  of  the  minor  drains  to  be  discontinued  at  a 
distance  from  this  drain,  equal  to  one-half  the  entire  distance  between 
each  of  the  minor  drains ;  this  drain  to  be  of  the  same  dimensions,  to 
be  filled  with  the  same  material,  and  in  like  manner,  as  the  above 
described. 

"  No  open  drain  shall  run  into  a  closed  one. 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution." 

One  of  the  officers  of  the  Commissioners  of  Public 
Works,  Ireland,  the  Inspector  of  Drainage  for  Kos- 
common,  a  gentleman  residing  in  that  county,  wrote 
to  us  as  follows,  with  reference  to  tile  and  broken- 
stone  drains  on  the  carboniferous  formation : — 

"  With  respect   to  tile  drainage,  my  experience  ha 

c  c  2 
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not  been  very  extensive,  as  the  proprietors  of  the  dis- 
trict, with  scarcely  any  exception,  give  a  decided  pre- 
ference to  broken  stones ;  but  from  what  I  have  seen, 
I  am  very  much  inclined  to  prefer  good  well-burnt 
pipes  to  any  other  draining  material,  provided  that 
collars  be  used,  but  not  otherwise.  As  to  the  best 
diameters,  I  have  found  the  1  \"  collared  pipes  of  the 
Clonbrock  Tile  Works  (now  closed)  very  satisfactory  ; 
but  when  the  length  of  minor  drains  exceeded  100 
yards,  I  should  like  an  increase  to  1\  or  If.  For 
submains  (say  160  or  180  yards  long)  I  have  recom- 
mended pipes  of  2  inches,  2\,  and  8  inches  in  succes- 
sion, all  of  which  were  to  be  had  with  collars :  if 
4-inch  pipes  were  to  be  had  with  collars,  I  should 
have  recommended  longer  submains.  The  larger-sized 
pipes  are  not  provided  with  collars  in  our  present 
tileries,  and  on  this  account  I  generally  put  a  note  on 
the  margin  of  the  printed  form,  suggesting  that  a  stone 
duct  of  the  ordinarg  size  of  subm^in,  say  6  inches  in 
height  and  4  inches  wide,  be  substituted  for  the  tile 
filling. 

"  I  decidedly  prefer  an  open  duct  to  broken-stone 
filling;  and  in  nine-tenths  of  my  own  drainage  I 
have  made  the  minor  drains  on  the  same  plan  as  the 
submain,  with  an  open  stone  conduit;  the  only 
difference  being,  that  the  minor  drains  are  a  few 
inches  shallower,  with  a  smaller  duct.  The  increase 
of  expense  is  a  mere  trifle,  and  when  the  substratum 
(as  very  frequently  occurs  here)  is  a  fine  calcareous 
gravel,  containing  40  to  60  per  cent,  of  carbonate  of 
Ume,  the  additional  spoil  is  a  very  cheap  fertilizer  for 
the  land. 
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**  With  respect  to  depths  and  distances  apart,  the 
two  most  commonly  used  in  my  specification  are  8^ 
feet  deep,  83  feet  apart, — and  4  feet  deep,  42  feet 
apart.  These  arrangements  will  not  suit  all  cases, 
and  I  vary  accordingly.  Thus,  in  one  case  of  exceed- 
ingly retentive  land  of  peculiar  texture,  4-feet  drains, 
27  feet  apart,  produced  the  required  result,  while  in 
another,  8^-feet  drains,  66  feet  apart,  effected  all  that 
was  required.  In  the  latter  case  there  was  a  mixed 
soil,  which  might  be  described  as  '  half  wet ;  *  yet  the 
water  lingered  sufficiently  long  to  make  the  land  un- 
sound for  sheep,  and  greatly  to  injure  the  crops  in 
quality  as  well  as  quantity." 

Mr.  Josiah  Parkes  says,  in  1848  : — "  Experiment 
and  experience  have  rapidly  induced  the  adoption 
of  a  system  of  parallel  drains,  considerably  deeper, 
and  less  frequent,  than  those  commonly  advocated  by 
professed  drainers,  or  in  general  use.  I  gave  several 
instances  of  this  practice  in  Kent  in  the  Beport  of 
last  year,  1848,  already  alluded  to,  and  it  is  rapidly 
extending.  Mr.  Hammond  stated  to  you  that  he 
drained  '  stiff  clays  2  feet  deep,  and  24  feet  between 
the  drains,  at  £8  4^.  9d,  per  acre,  and  porous  soils  8 
feet  deep,  88^  feet  asunder,  at  i£2  5^.  2(2.  per  acre.'  I 
now  find  him  continuing  his  drainage  at  4  feet  deep, 
wherever  he  can  obtain  the  outfall,  from  a  conviction 
founded  on  the  experience  of  a  cautious  progressive 
practice  as  to  the  depth  and  distance,  that  depth 
consists  with  economy  of  outlay  as  well  as  with 
superior  effect.  He  has  found  4-feet  drains  to  be 
efficient,  at  50  feet  asunder,  in  soils  of  varied  texture 
— ^not  uniform  clays — and  executes  them  at  a  cost  of 
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abont  £2  5«.  per  acre,  being  18ir.  4d.  for  871  pipes, 
and  £1  6«.  6(2.  for  53  rods  of  digging.  Comnmnica- 
lions  have  been  recently  made  to  me  by  several 
respectable  Kentish  fanners,  of  the  satisfiwtory  per- 
formance of  drains  deeply  laid  in  the  Weald  clays,  at 
distances  ranging  from  80  to  40  feet,  bnt  I  have  not 
had  the  opportunity  of  personally  inspecting  these 
drainages. 

"The  following  little  table  shows  the  actual  and 
respective  cost  of  the  above  three  cases  of  under- 
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draining,  calculated  on  the  effects  really  produced, 
that  is,  on  the  masses  of  earth  effectively  relieved 
of  their  surplus  water  at  an  equal  expense.  I  con- 
ceive this  to  be  the  true  expression  of  the  work 
done,  as  a  mere  statement  of  the  cost  of  drainage  per 
acre  of  surface  conveys  but  an  imperfect,  indeed  a 
very  erroneous,  idea  of  the  substantive  and  useful 
expenditure  on  any  particular  system.  This  will  be 
apparent  on  reference  to  the  two  last  columns  of  the 
table,  which  give  the  cost  in  cubic  yards  and  square 
yards  of  soil  drained  for  one  penny,  at  the  above- 
mentioned  prices,  depths,  and  distances. 

"  I  may  here  observe,  that  Mr.  Hammond,  when 
draining    tenacious    clays,    chooses    the    month    of 
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February  for  the  work,  when  he  lays  his  pipes 
(just  covering  them  with  clay  to  prevent  crumbs 
from  getting  in),  and  leaves  the  trenches  open 
through  March,  if  it  be  drying  weather,  by  which 
means  he  finds  the  cracking  of  the  soil  much  accele- 
rated, and  the  complete  action  of  the  drains  advanced 
a  full  season.  The  process  of  cracking  may,  doubtless, 
be  hastened  both  by  a  choice  of  the  period  of  the  year 
in  which  drains  are  made,  and  by  such  a  management 
of  the  surface  as  to  expose  it  to  the  fiill  force  of 
atmospheric  evaporation." 

With  reference  to  drains,  we  have  known  a  case  in 
the  Queen's  County  in  which  inch  pipes  had  to  be 
taken  up,  and  pipes  of  2^inch  bore  substituted.  The 
drains  were  40  feet  apart,  and  4  feet  deep,  and  the  pipes 
had  collars.  The  minor  drains  should  discharge  into 
submains  at  convenient  distances,  say  100  yards,  on 
flat  grounds.  Small  pipes  will  choke  unless  the 
velocity  in  them  be  sufficient  to  oaiiy  off  deposits, 
and  the  diameters  should  vary  according  to  the  in- 
clinations of  the  ground,  and  distance  apart  of  the 
drains. 

Mr.  Mechi,  in  1844,  laid  down  the  following  rules : — 

''  1st. — That  it  is  not  the  size  or  form  of  the  drains 
that  regulate  perfect  drainage ;  but  the  depth  at  which 
they  are  placed.  The  depth  also  governs  the  distances 
at  which  the  drains  should  be  cut  according  to  the 
quality  of  the  soil. 

"  2nd. — ^The  pipes  of  1-inch  bore,  without  stones, 
are  amply  sufficient,  placed  at  4  feet  deep  and  80  feet 
wide  in  dense  soils^  and  the  same  depth  and  50  feet 
wide  in  mixed  soils. 


392  THE  DISCHARQE  OF  WATER  FROM 

"  3rd. — The  deep  drains  receive  more  water  than 
shallow  ones,  and  consequently  lay  dry  a  greater  extent 
of  ground. 

'*4th. — The  deep  drains  hegin  and  end  running 
sooner  than  shallow  ones^  and  carry  off  more  water  in  a 
given  time. 

"  5th. — That  where  shallow  drains  are  made  and 
deep  ones  cut  below  them,  the  shallow  ones  no  longer 
act,  all  the  water  passing  to  the  deeper  drains. 

"  6th. — That  when  round  stones  are  used  as  well  as 
pipes,  the  latter  should  always  be  placed  at  the  bottom, 
as  I  find,  practically,  water  flows  more  quickly  through 
pipes  than  amongst  stones. 

"  Before  persons  begin  draining,  I  would  recommend 
their  perusing  attentively  the  facts  developed  by  Mr. 
Parkes,  at  pages  89  and  40,  and  my  remarks  at  page 
86  of  Letters  on  Agricultural  Improvements. 

"  Pipes  made  to  socket  into  each  other  (by  Ford's 
Patent  Socketing  Machine)  are  best  adapted  to  loose  or 
mixed  soils." 

Pipes  laid,  however,  too  near  the  surface,  are  fire- 
quently  choked  with  the  roots  of  plants.  The  principal 
advantage  of  submains  alongside  open  mains  is,  that 
the  mouths  of  the  minor  drains  should  not  be  choked 
from  vegetation,  and  that  the  water  from  them,  flowing 
into  and  taken  up  by  this  submain,  may  be  discharged 
by  a  few  apertures  only,  and  thereby  keep  themselves 
open,  or  as  much  so  as  the  nature  of  the  case  will 
admit.  The  following  tables  show  the  cost  per  statute 
acre,  in  Ireland,  of  thorough-drainage,  which  must 
vary  with  circumstances,  locality,  and  the  value  of 
labour. 
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The  average  cost  per  statute  acre  for  Sir  Bichard 
O'Donnell's  Gold  Medal  was  £Z  Ss.  7d.,  and  £4  ISs.  lOd. 


TAJBLE  shotoing  a  Return  of  the  numher  of  Acres  thoroughrdrained  in  the 
years  1848  and  1844,  hy  (he  different  Competitors  for  Sir  Richard 
O^DonnelPs  Gold  Medal,  together  vrith  the  Average  Prices  per  Perch,  and 
Cost  per  Acre  respectively.  {Given  in  Reports  to  the  Royal  Agricultural 
Improvement  Society  of  Ireland.) 
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66,900 


64,351 
68,478 
47,183 

84,488 


84,684 


9(2.  In 
1842,  re- 
duced to 
5i<i.in 
1845. 

id. 
4<2. 

9)d. 


&f. 


1^ 

51^ 


ai 
-si 
I** 


>sS|^- 


£5  in 
1842,  re- 
duced to 

£8  2t.  9d, 
in  1845. 

£1  14    4 

1  12    4 

2  9    5 

5    8    8 


8  12    0 


5  per  cent 

chsigedto 

the  rent. 


£500 
408 
39C 


0 
6 
9 


700    7  4 


427  18  0 


Si.  a  day. 
IQd.  to  1«. 

a  day. 

*!d,  a  day 
in 'Winter, 
andlOdin 
sununer. 
lOd.  to  If. 

a  day. 


TABLE  showing  a  Return  of  the  nmiiber  of  Acres  thorough-drained  hj 
Proprietors,  for  the  Society's  Gold  Medal,  and  the  Average  Prices  per 
Perch  and  per  Acre  respectively. 


The  Earl  of  Erne 
Lord      DulTerln 

Clsnboye  . 
Messrs.  Andrews 

Dr.  O'NeiU   . 


A.    R.  P. 

P. 

£».    d. 

•        • 

110    0  87 

•  • 

•  • 

8  12    3 

•  • 

and 

1 

• 
•        • 

203    1    0 
117    1    4 

29,478 
16,614 

low. 

9i<i 

6  11    9 
6  16    0 

•  • 

•  • 

Irperday.' 
ISd.per 

• 

115    0  12 

•  • 

•  • 

2  16    8 

•  • 

day. 
7d.  to  Sd. 

a  day. 

for  the  Society's  Gold  Medal ;  average  of  both,  M  per 
statute  acre  nearly. 


394  THE  DISCHAROE  OF   WATER  FROM 

The  average  number  of  acres  annually  improved  in 
Ireland,  about  the  year  1860,  was  about  5580,  at  an 
average  cost  per  acre  of  dE4  17s. 

In  Ireland,  thorough-drainage  is  almost  generally 
carried  out  by  loan,  under  the  Commissioners  of 
Public  Works,  and  there  is  no  branch  of  the  public 
service  which  has  given  more  satisfaction  to  owners  of 
property.  The  works  are,  we  believe,  always  executed 
within  the  estimates,  and  the  owner  having  tlie  expendi- 
ture in  his  own  hands,  can  satisfy  himself  of  its  proper 
application.  How  different  from  the  Arterial  Drainage, 
when  the  Board  executed  the  works  themselves,  a 
63'stem  now  so  happily  changed !  No  loans  are  made 
imless  where  immediately,  or  prospectively,  a  return 
of  6^  per  cent,  is  estimated  on  the  expenditure,  a 
rent-charge  for  this  amount  being  made  for  22  years. 


ARTERIAL  DRAINAGE. 

The  effect  of  thorough-drainage  on  the  arterial 
channels  of  a  district,  is  to  discharge  the  rain-fidl 
into  the  main  channels  in  a  shorter  time  than  before, 
particularly  during  wet  seasons.  This  frequently 
causes  floods  to  rise  higher  as  well  as  more  rapidly. 
During  dry  seasons  the  supply  is  less,  and  so  far, 
when  it  is  limited,  an  injury  is  done  to  the  adjacent 
districts  requiring  it  for  use.  The  effect  of  obstruc- 
tions in  the  main  channel  is  to  impound  the  upland 
water,  sometimes  made  available  for  water  power  or 
navigation  purposes,  but  in  general  to  the  injury  of 
the  drainage  of  adjacent  lands,  and  the  regimen  of  the 
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TABLE  showing  Estimates  of  the  Quantities  and  Oerural  Cost  for  the 
Thorough-Drainage  of  a  Statute  Acre  of  Land,  with  broken  Stones  or 
Tiles,  toith  the  distances  apart  for  different  class  soils. 


Description  of  land, 

aeetion  of  parallel  drain, 

and  coat. 


Hard  subsoil  stiff  and 
sandy  clay  drains, 
from  12  to  20  feet^ 
apart,    at    Sd.    per 
lineal  perch. 


Beds  of  gravel,  sand, 
and  rocky  stratifi- 
cation, fit>m  80  to 
100  feet  apart,  at 
lOd.  per  lineal 
perch. 


Freestone        bottom 
drains,  from  20  to^ 
30  fe«t  apart,  at  9d. 
per  lineal  perch. 


Feet 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
100 


1^ 


Perches 
220 
203 
188i 
176 
165 
166J 
146i 
139 
132 

125i 

120 

115 

110 

105i 

lOli 

97J 

94 

91 

88 


Cubic  yards  per 
acre. 


Of 

clay 

ezcav. 


Cu.yds. 
277 
2651 
237 
221 
207 
195i 
184 
175 
166S 


151i 

147 

142! 

138^ 

134 

130i 

126i 

123 

119!' 
116i 

47 


Of 

broken 
stones. 


CiLyds. 
38-5 
35-5 
33  0 
30-8 
28-9 
27-2 
25-9 
24-3 
23  1 

29-3 
28-1 
26-9 
25-7 
24-7 
23-7 
22-9 
22-0 
21-3 
20-6 

24-7 
24-0 
23-2 
22-6 
21-9 
21-3 
20-6 
20-0 
19*6 
19  1 
8-0 


£ 
7 
6 
6 
5 
5 
5 
4 
4 
4 


«.  d. 

6  8 

15  4 

5  8 

17  4 

10  0 

3  6i 

17  6i 

12  0 

8  0 


4  14 

4  10 


4 
4 


6 
2 


3  19 
3  16 
3  13 
3  10 
3  8 
3    6 


6 
0 
3 
6 

li 

14 

4 

6 
3 
0 


3  10  10 
3    8    9 

6    8 

4 

2 

1 


2  19 
2  17 
2  16 
2  14 
1     2 


8i 

?i 

2 
6 

U 
8i 
6 


I 


5"§ 


No. 
8,630 
3,351 
3,111 
2,904 
2,722 
2,562 
2,420 
2,293 
2,178 

2,074 
1,971 


894 
815 
742 
675 
613 
556 
502 
452 

405 
361 
320 
280 
245 
210 
177 
146 
117 
089 
436 
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river,  particularly  in  flat  districts.  The  arterial 
drainage  in  Ireland  has  effected  a  vast  amount  of 
good,  but  up  to  1853  the  estimates  appear  to  have 
been  usually  doubled;  those  for  eleven  of  these  works 
being  £186,916,  and  the  expenditure  £293,532.  The 
average  cost  per  acre,  on  the  land  improved  by  these 
projects,  varied  from  £1  19d.  %d.  to  £10  6«.,  the 
average  of  the  eleven  districts  being  £4  3«.,  which  is 
about  the  average  for  thorough-drainage.* 

The  following  table  affords  valuable  information  of 
the  cost  of  arterial  drainage  works  in  Ireland:  it  is 
extracted  from  the  Iteport  of  the  Commissioners  of 
Inquiry  presented  to  the  House  of  Commons,  June 
16th,  1853. 

The  abstract  of  84  arterial  drainage  awards,  made  by 
the  Commissioners  of  Public  Works  in  Ireland,  in 
1864,  gives  for  different  years,  1849  to  1854 — 


Number  of 
districts 
drained. 

Total 
combined 
catchment 
acreaj^of 
distncts. 

Area  of 
flooded  lands. 

Avera^  cost  of 

arterial  drainage 

per  acre  improved 

by  drainage. 

12  districts 

90,382 

9,453 

3  14    2 

27       „ 

95,582 

11,579 

3  16    7 

1»       ,. 

237,466 

13,707 

4  17    8 

1«       » 

374,427 

29,452 

3  18    4 

2       „ 

49,840 

3,276 

5    0    0 

8       .» 

266,420 

21,033 

8    9    4 

84       „ 

1,114,067 

88,501 

3  17    7 

The  last  line  gives  the  general  average,  and  shows 
that  in  these  84  districts,  about  1  acre  in  18  is  the 


*  See  Parliamentary  Report,  by  Sir  Bichard  Griffith,  Sir  W.  Cubitt, 
and  Jas.  M.  Rendel,  June  16th,  1853,  pp.  14,  15. 
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average  of  flooded  lands  to  the  catchment  area,  or 
8  per  cent,  nearly.  The  original  and  revised  esti- 
mates for  these  works  were  considerably  exceeded 
in  almost  every  case,  and  the  landowners  having 
justly  resisted  any  payments  exceeding  their  original 
assents,  they  succeeded.  See  Beport  of  the  Gom- 
^assioNEBs  OF  Inquiry  into  the  Works  of  Arterial 
Drainage  in  Eleven  Districts  in  Ireland,  pre- 
sented to  the  House  of  Commons,  June  16th,  1858. 


SECTION  XIV. 

water  and  horse  power. — friction  brake,  or  dyna- 
mometer.— calculation  of  the  effective  power 

OF  WATER  wheels. — OVERSHOT,  UNDERSHOT,  AND 
BREAST  VERTICAL  WHEELS. — HORIZONTAL  WHEELS  AND 
TURBINES. — ^HYDRAULIC  RAM. — ^WATER  ENGINE. 

Taking  the  representative  of  a  horse's  power  at 
88,000  foot-pounds,  or  38,000  lbs.  raised  one  foot 
high  in  one  minute,  the  theoretical  horse-power  of  an 
overfedl  is  expressed  by  the  fall  in  feet,  multiplied  by 
the  discharge  in  cubic  feet  per  minute,  the  product 
multiplied  by  62^  (the  weight  in  lbs.,  nearly,  of  a 
cubic  foot  of  water),  and  divided  by  88,000.  The 
following  table  (page  400)  gives  the  weight  in  air  of  a 
cubic  foot  of  pure  water  at  different  temperatures, 
Fahrenheit's  thermometer. 
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WEIGHT  OF  A  CUBIC  FOOT  OF  WATBR. 

T*he  weight  o/36  cubkfeet  ofwaUr  is  one  ton,  nearly. 


Tempe- 
rature, in 

Weight  of  a 

cubic  foot  of 

water.  Pounds 

Tempe- 
rature, in 
degrees. 

Weight  of  a 

cubic  foot  of 

water.  Pounds 

Tempe- 
rature, in 

Weight  of  a 

cubic  foot  of; 

water.  Pounds 

d^rees. 

Avoirdupois. 

Avoirdupois. 

degrees. 

Avoirdupois.  ! 

1 

82 

62-375 

61 

62-365 

69 

62-278 

33 

62-377 

52 

62-363 

70 

62-272 

34 

62-378 

53 

62-859 

71 

62-264 

35 

62-379 

54 

62-356 

72 

62-257 

36 

62-380 

55 

62-352 

73 

62-249 

37 

62-881 

56 

62-349 

74 

62*242 

38 

62-381 

57 

62-345 

75 

62-234 

39 

62-382 

58 

62*840 

76 

62-225 

40 

62-382 

59 

62-836 

77 

62-217 

41 

62-381 

60 

62-331 

78 

62-208 

42 

62-381 

61 

62-326 

79 

62-199 

48 

62-880 

62 

62-321 

80 

62-190 

44 

62-379 

63 

62-316 

81 

62-181 

45 

62-378 

64 

62-310 

82 

62172 

46 

62-876 

65 

62-304 

88 

62-162 

47 

62-875 

66 

62-298 

84 

62-152 

48 

62-373 

67 

62-292 

85 

62-142 

49 

62-371 

68 

62*285 

86 

62-132 

50 

62-368 

87 

62-122 

16,500  foot-pounds,  or  one  half  of  the  above,  is 
much  nearer  the  average  power  of  a  horse,  working 
for  10  hours  only,  as  the  work  is  ordinarily  done 
through  the  country;  83,000  lbs.  raised  one  foot  per 
minute  is  equivalent  to  884  tons,  nearly,  raised  one  foot 
in  an  hour,  and  14*73  tons  in  a  minute.  Therefore,  a 
river  discharging  884  tons,  over  a  fall  one  foot  high  in 
an  hour,  or  884  tons,  over  a  fall  24  feet  high  in  24 
hours,  has  also  a  horse-power.  The  drainage  of  10 
square  miles,  with  an  average  collection  of  12  inches 
in  depth  of  rain  annually,  will  give  an  unceasing  one- 
horse  power  for  each  foot  of  fall  in  a  receiving 
channel ;    or  five  square   miles  will  give  the   same 
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result,  if  the  collection  amounts  to  24  inches  in  depth. 
The  collection  of  10  square  miles,  one  foot  deep,  yearly, 
is  nearly  equal  to  the  delivery  of  580  cubic  feet  per 
minute,  for  the  same  period ;  or  to  one-horse  power 
theoretical,  working  day  and  night.  See  pp.  822  &  828. 

The  effective  power  of  a  fall  depends  on  the 
nature,  proportions,  and  construction  of  the  wheel 
or  machine,  and  also  upon  the  manner  in  which  the 
theoretical  power  is  applied.  When  the  velocity  of  a 
stream  acting  on  a  wheel  only  is  known,  the  theoretical 
head,  %,  due  to  it  is  found  in  feet  from  the  formula  h  = 
•0155  t?2,  V  being  the  velocity  in  feet  per  second. 

In  order  to  gauge  the  quantity  of  water  applied  to  a 
wheel,  and  thereby  determine  with  accuracy  its  effec- 
tive power,  the  water  used  must  be  passed  through  an 
orifice,  or  over  a  notch  or  a  weir,  the  coefiicients  for 
which  has  been  previously  ascertained  from  experi- 
ment. Greater  accuracy  can  be  obtained  from  gaug- 
ings  through  thin  plates,  or  planks  having  the  down- 
stream arrises  chamfered  off,  than  with  any  other 
form  of  orifice  or  notch ;  and  when-  it  can  be  effected, 
the  channel  above  should  be  sufficiently  enlarged  to 
prevent  the  effects  of  an  approaching  current.  We 
have  already  in  the  body  of  this  work  dwelt  in  detail 
on  the  various  formula  required  for  gauging  under 
different  circumstances.  The  accuracy  of  results, 
showing  the  effective  powers  of  wheels,  depends  in 
the  first  place,  on  the  accuracy  of  the  gaugings  or 
estimates  of  the  quantity  of  water  used,  and  next  on 
the  fall  employed.  The  loss  of  head  in  passing 
through  the  penstock  sluice,  or  orifice,  and  until  the 
water  acts  on  the  wheel,  requires  to  be  estimated  also, 

D  D 
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and  deducted  &oni  the  fall  or  head,  to  find  the  efEectiTe 
&11,  and  the  eflfective  power  of  a  wheel. 


FBICXION   BRAKE, 


t   DTNAUOHETEIt. 


The  power  applied  to  a  revolving  shaft  through  a 
wat«r  wheel  of  any  construction,  is  the  weight  of 
water  moltiplied  by  the  fall.  It  is  evident  that  the 
portion  of  this  power  available  to  turn  a  shaft  and 
machinery,  or  the  effective  power,  mnat  depend  on 
the  construction  of  the  wheel,  as  portion  of  the  theo- 
retical power  is  lost  mechanically,  in  applying  it ;  in 


changes  of  direction,  Miction,  eddies,  and  dischar^ng 
currents.     The  greater  the  effective  power  conveyed 
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to  a  shaft,  the  greater  becomes  the  power  of  the 
wheel,  or  medium  through  which  the  original  power  is 
transmitted.     The  mechanical  effect  produced  by  a 
revolving  shaft  is  best  measured  by  a  Mction  brake, 
the  principle  of  which  is  as  follows.     In  diagram  1, 
Fig.  44,  let  the  friction  pulley  aa  be  firmly  fixed  to 
the  revolving  shaft  or  axis  of  the  wheel ;  e  and  e,  two 
wooden  clamps  grasping  the  friction  pulley  by  means 
of  the  screw  bolts,  delineated,  which  can  be  tightened 
on  the   axis,  and  also  to  the  arm  f,  by  means  of 
suitable    nuts.      The    more    tightly    the    bolts    are 
screwed,  the  greater  will  be  the  friction  between  the 
friction  pulley  aa,  and  the  clamping  pieces  ee.     If, 
while  the  axis  and  friction  pulley  aa,   are  revolving 
in  the  direction  indicated  by  the  arrow,  a  weight  be 
applied  in  the  scale  at  i,  so  that  the  arm  f  shall  not  be 
carried  round,  but  remain  fixed ;  it  is  clear  that  the 
work  done  by  the  revolving  shaft  in  one  revolution, 
will  be  measured  by  the  circumference  of  the  friction 
pulley,  multiplied  by  the  friction  due  to  the  pressure 
on  it,  or  by  its  equivalent,  the  weight  in  the  scale  i, 
multiplied  by  the  circumference  of  a  circle  whose  radius 
is  L,  or  by  2  L  X  3*14159  X  w^m  which  expression  w 
is  the  weight  in  lbs.  in  the  scale  i.    If  n  be  the  number 
of  revolutions  in  a  given  time,  say  one  minute,  we  shall 
therefore  have  the  useful  effect  of  the  wheel  on  the  shaft 
in  foot-pounds  per  minute,  equal  to 

2  L  X  3-14159  X  u;  X  77. 

We  have  also  the  power  of  the  water  acting  on  the 

wheel,  equal  to 

fe  X  D  X  62-87, 

in  which  li  is  the  head  and  d  the  dischai*ge  in  cubic 

D  D  2 
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feet  per  minute ;  therefore  we  shall  have  for  the  ratio 
of  the  effect  to  the  power  the  expression 

2  L  X  3-14159  X  u?  X  n  _      i.wn 
h  X  D  X  62-87  ~~  9-926  d  V 

If  the  revolving  shaft  be  horizontal,  the  weight  of 
the  arm  f,  acting  at  its  centre  of  gravity  and  reduced 
to  the  length  l,  where  the  weight  w  is  suspended,  will 
have  to  be  included  in  the  weight  w.  If  the  weight  w 
be  suspended  at  the  end  of  a  connection  of  levers,  or 
other  mechanical  powers,  the  length  l  will  have  to  be 
determined  accordingly.  Diagram  2,  Fig.  44,  shows 
the  Armstrong  brake ;  Diagram  8,  the  common  form ; 
and  Diagram  4,  Egen's  brake. 

Fig.  45,  is  a  general  representation  of  the  brake 
used  by  Francis,  in  the  Lowell  experiments.  The 
length  of  the  arm  of  the  brake  l,  was  9*745  feet ;  the 
length  of  the  vertical  arm  I  of  the  bell  crank  4*5  feet ; 
and  the  length  of  the  horizontal  arm  V  5,  feet.  The 
following  detailed  description  is  by  Francis : — 

"  The  Friction  Pulley  a  is  of  cast-iron,  5'S  feet  in 
diameter,  two  feet  wide  on  the  face,  and  three  inches 
thick.  It  is  attached  to  the  vertical  shaft  by  the 
spider  b,  the  hub  of  which  occupies  the  place  on  the 
shaft  intended  for  the  bevel  gear. 

"  The  jfriction  pulley  has,  cast  on  its  interior  cir- 
cumference, six  lugs,  c  c,  corresponding  to  the  six 
arms  of  the  spider.  The  bolt  holes  in  the  ends  of  the 
arms  are  slightly  elongated  in  the  direction  of  the 
radius,  for  the  purpose  of  allowing  the  friction  pulley 
to  expand  a  little  as  it  becomes  heated,  without 
throwing  much  strain  upon  the  spider.  When  the 
spider  and  friction  pulley  are  at  the  same  temperature. 
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the  ends  of  the  arms  are  in  contact  with  the  friction 
Fio.  45. 


pulley.     The  friction  pulley  was  made  of  great  thick- 
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ness  for  two  reasons.  When  the  pulley  is  heated,  the 
arms  cease  to  be  in  contact  with  the  interior  circum- 
ference of  the  pulley,  consequently  they  would  not 
prevent  the  pressure  of  the  brake  from  altering  the 
form  of  the  pulley.  This  renders  great  stifi&iess  neces- 
sary in  the  pulley  itself.  Again,  it  is  found  that  a 
heavy  friction  pulley  insures  more  regularity  in  the 
motion,  operating,  in  fact,  as  a  fly-wheel,  in  equalizing 
smaU  irregularities. 

**  The  brakes  £  and  f  are  of  maple  wood ;  the  two 
parts  are  drawn  together  by  the  wrought-iron  bolts  o  a, 
which  are  two  inches  square. 

''  The  hell  crank  f\  carries  at  one  end  the  scale  i, 
and  at  the  other  the  piston  of  the  hydraulic  regu- 
lator k;  this  end  carries  also  the  pointer  l,  which 
indicates  the  level  of  the  horizontal  arm.  The  vertical 
arm  is  connected  with  the  brake  f,  by  the  link  m. 

"  The  hydraliuc  regulator  k,  shown  in  the  figures,  is 
a  very  important  addition  to  the  Prony  dynamometer, 
first  suggested  to  the  author  by  Mr.  Boyden,  in  1844. 
Its  office  is  to  control  and  modify  the  violent  shocks 
and  irregularities,  which  usually  occur  in  the  action  of 
this  valuable  instrument,  and  are  the  cause  of  some 
uncertainty  in  its  indications. 

''  The  hydraulic  regulator  used  in  these  experiments, 
consisted  of  a  ca^t-iron  cylinder  k,  about  I'S  feet  in 
diameter,  with  a  bottom  of  plank,  which  was  strongly 
bolted  to  the  capping  stone  of  the  wheel  pit,  as  repre- 
sented in  figure  1.  In  this  cylinder,  moves  the  piston 
N,  formed  of  plate-iron  0*5  inches  thick,  which  is  con- 
nected with  the  horizontal  arm  of  the  bell  crank  by  the 
piston  rod  o.     The  circumference   of  the  piston  is 
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rounded  off,  and  its  diameter  is  about  y'^  inch  less  than 
the  diameter  of  the  interior  of  the  cylinder.  The  ac- 
tion of  the  hydraulic  regulator  is  as  follows.  The 
cylinder  should  be  nearly  filled  with  water,  or  other 
heavy  inelastic  fluid.  In  case  of  any  irregularity  in 
the  force  of  the  wheel,  or  in  the  friction  of  the  brake, 
the  tendency  will  be,  either  to  raise  or  lower  the  weight, 
in  either  case  the  weight  cannot  move,  except  with  a 
corresponding  moyement  of  the  piston.  In  consequence 
of  the  inelasticity  of  the  fluid,  the  piston  can  move  only 
by  the  displacement  of  a  portion  of  the  fluid,  which 
must  evidently  pass  between  the  edge  of  the  piston  and 
the  cylinder ;  and  the  area  of  this  space  being  very 
small,  compared  to  the  area  of  the  piston,  the  motion 
of  the  latter  must  be  slow,  giving  time  to  alter  the  ten- 
sion of  the  brake  screws  before  the  piston  has  moved 
far.  It  is  plain  that  this  arrangement  must  arrest  all 
violent  shocks,  but,  however  violent  and  irregular  they 
may  be,  it  is  evident,  that,  if  the  mean  force  of  them 
is  greater  in  one  direction  than  in  the  other,  the  piston 
must  move  in  the  direction  of  the  preponderating  force, 
the  resistance  to  a  slow  movement  being  very  slight. 
A  small  portion  of  the  useful  effect  of  the  turbine  must 
be  expended  in  this  instrument,  probably  less,  however, 
than  in  the  rude  shocks  the  brake  would  be  subject  to 
without  its  use. 

"  For  the  purpose  of  ascertaining  the  velocity  of  the 
wheel,  a  counter  was  attached  to  the  top  of  the  vertical 
shaft,  so  arranged,  that  a  bell  was  struck  at  the  end  of 
every  fifty  revolutions  of  the  wheel* 

''  To  lubricate  the  friction  pulley,  and  at  the  same 
time  to  keep  it  cool,  water  was  let  on  to  its  surface  in 
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four  jets,  two  of  which  are  shown.  These  jets  were 
supplied  from  a  large  cistern,  in  the  attic  of  the  neigh- 
bouring cotton  mill,  kept  full,  during  the  working  hours 
of  the  mill,  by  force  pumps.  The  quantity  of  water 
discharged  by  the  four  jets  was,  by  a  mean  of  two  trials, 
0'0288  cubic  foot  per  second. 

''In  many  of  the  experiments  with  heavyweights, 
and  consequently  slow  velocities,  oil  was  used  to  lu- 
bricate the  brake,  the  water,  during  the  experiment, 
beiQg  shut  off.  It  is  foimd,  that,  with  a  small  quantity 
of  oil,  the  friction  between  the  brake  and  the  pulley  is 
much  greater  than  when  the  usual  quantity  of  water  is 
applied;  consequently,  the  requisite  tension  of  the 
brake  screws  is  much  less  with  the  oil,  as  a  lubricator, 
than  with  water.  This  may  not  be  the  whole  cause  of 
the  phenomenon,  but,  whatever  it  may  be,  the  ease  of 
regulating  in  slow  velocities  is  incomparably  greater 
with  oil  as  a  lubricator,  than  with  water  applied  in  a 
quantity  sufficient  to  keep  the  pulley  cool.  The  oil 
was  allowed  to  flow  on  in  two  fine  continuous  streams ; 
it  did  not,  however,  prevent  the  pulley  from  becoming 
heated  sufficiently  to  decompose  the  oil,  after  running 
some  time,  which  was  distinctly  indicated  by  the  smoke 
and  peculiar  odour.  When  these  indications  became 
very  apparent,  the  experiment  was  stopped,  and  water 
let  on  by  the  jets,  until  the  pulley  was  cooled.  As  the 
pulley  became  heated,  the  brake  screws  required  to  be 
gradually  slackened.  Water,  linseed  oil,  and  resin  oil, 
were  each  used  for  lubrication." 

Fig.  46  is  a  representation  of  a  brake  used  by  Pro- 
fessor Thomson,  at  Crawford  and  Lindsay's  mill,  to 
determine  the  power  of  a  turbine  put  up  there,  by  Mr. 
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Qardner,  of  Armagh.  One  of  the  common  causes  of 
the  swinging  or  vibratory  jnmps  of  the  arms  p,  In  Figs. 
44,  46,  and  46  is,  that  veiy  often  the  friction  pulley,  or 
dram  a,  a,  must  be  made  in  two  parts,  bo  as  to  be  fixed 


Ltugth  of  the  brake,  i.  Fig.  46,  a^jostcd  . 
EffectiTe  length  of  rerticBl  axm  I  . 
Effective  length  of  bomont*]  um  f  . 
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to  its  place  on  the  shaft.  This  fixing  is  liable  to  give 
an  oval  shape,  and  causes  an  irregular  action  with  the 
clamps  E,  E.  Oil  gives  greater  regularity  of  motion 
than  water,  but  without  the  use  of  the  latter  abundantly, 
the  friction  pulley  would  usually  get  too  much  heated. 
The  following  calculations  from  practical  operations 
will  point  out  pretty  clearly  the  use  of  the  brake,  and 
the  manner  of  determining  the  useful  effect  in  the  tables 
of  experiments,  by  Francis  and  Thomson,  pp.  883  and 
892  :— 
The    effective    length    of   the    brake  was    therefore 

^^y^^  ^  =  2  X  10-827778  feet;  and  the  circumfer- 
4-5 

ence  of  a  circle  of  this  radius  =  10*827778  X  8*14169 
=  68-0829  feet. 

In  the  first  experiment  on  the  Tremont  turbine,  page 
429,  the  number  of  revolutions  of  the  wheel  per  second 
was  -89874,  and  the  weight  in  the  scale  1448-84  lbs. 
The  useful  effect  of  the  brake  was  therefore  in  foot- 
pounds per  second  68-0829  X  -89874  x  1448*84  = 
87680-8  lbs.  raised  one  foot  per  second.  The  quantity 
of  water  which  passed  the  gauge-weir  in  cubic  feet  per 
second  was  189*4206,  and  the  total  fall  acting  on  the 
wheel  12*864  feet ;  therefore,  the  total  power  of  the 
water  acting  on  the  wheel  was  12*864  X  189-4206  x 
62*875  =  111870  feet-pounds  per  second,  62*875  being 
taken  as  the  weight  in  lbs.  of  a  cubic  foot  of  water  at 
82^  Fahrenheit.  The  ratio  of  the  useful  effect,  at  the 
given  velocity  of  the  wheel  (viz.  450  revolutions  in  508*6 

seconds),  to  the  power  expended,  is  therefore 

—  -784,  or  about  7&i  per  cent.    The  effect  in  the  ex- 
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periments  generally  appears  to  have  been  a  maximum,, 
when  the  velocity  of  the  interior  circumference  of  the 
wheel  was  about  66  per  cent,  of  the  velocity  due  to  the 
fall ;  and  this  was  about  half  of  the  maximum  velocity, 
which  was  1*883  times  that  due  to  the  fall  alone,  when 
the  turbine  was  doing  no  work. 

In  Thomson's  brake  for  determining  the  useful  effect 
of  the  vortex  turbine,  erected  from  his  designs  at  Bally- 
sillan,  Ireland,  l  =  4  ft.  2  in.,  and  the  circumference 
of  a  circle  that  would  be  described  by  the  arm  8*14159 
X  8  feet  4  inches  =  26*18  feet.  In  the  first  experi* 
ment,  taken  from  the  tabulated  results,  page  419,  we 
get  26*18,  the  circumference  multiplied  by  46*81,  the 
weight  in  lbs.,  and  the  product  by  828*8,  the  number 
of  revolutions  per  minute,  equal  to  391,967  foot-pounds, 
for  the  effect  transmitted  from  the  turbine  or  work 
done.  We  have  also  854*4,  the  number  of  cubic  feet 
of  water  passed  to  the  wheel  per  minute,  multiplied  by 
62*37,  the  weight  of  a  cubic  foot  of  water  in  lbs.,  mul- 
tiplied by  28*78  feet,  the  available  fall,  equal  to  524,526 

891  967 
foot-pounds :  therefore  ^^,'  ^^  =  '747  is  the  useftd 

524,526 
effect,  that  in  the  table  being  '7481,  which  probably 
arose  from  taking  a  different  weight  per  cubic  foot  for 
the  water.  Of  course  the  difference  is  immaterial. 
The  drum  attached  to  the  vortex  wheel  shaft  for  fixing 
the  brake  to,  was  in  two  parts,  bolted  together,  and 
firmly  enclosing  the  shaft.  It  was  of  cast-iron,  20 
inches  diameter,  and  8  inches  wide ;  the  shaft  to  which 
it  was  attached  was  2f  inches  diameter.  The  arm  of 
the  brake  was  5'*4''  x  6"  x  4''J,  of  timber,  and  ex- 
tending 1  foot  2  inches  beyond  the  centre  of  the  shaft 
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and  drum.     The  clamping  pieces  were  about  2  feet  5 
inches  long  externally. 

For  overshot  wheels  the  ratio  of  the  power  to 
the  effect  may  be  taken  as  8  to  2,  and  therefore  the 
effective  horse-power, — taJdng  88,000  foot-pounds  per 
minute,  or  580  cubic  feet  falling  one  foot,  as  a  standard, 
— ^will  be  49,500  lbs.  of  water,  or  795  cubic  feet,  falling 
one  foot  in  one  minute.  The  maximum  effect  varies 
with  the  construction  of  the  wheel.  Smeaton  found  it 
'76  times  the  theoretical  power ;  Weisbach  '78  times 
for  the  wheel  of  a  Stamp  Mill  at  Frieberg,  which  was 
28  feet  high,  8  feet  wide,  carrying  48  buckets.*  To 
find  the  effective  horse-power,  the  theoretical  horse- 
power must  be  here  divided  by  the  coefficient  of  effect 
•76  or  '78,  which  will  give  48,600  foot-pounds,  or 
48,800  foot-pounds  per  minute.  The  following  experi- 
mental results  from  a  model  wheel  are  by  Smeaton. 

In  this  table  the  effective  power  of  the  water  must 
be  reckoned  upon  the  whole  descent,  because  it  must 
be  raised  that  height,  in  order  to  be  in  a  condition  of 
producing  the  same  effect  a  second  time. 

The  ratios  between  the  powers  so  estimated,  and  the 
effects  at  the  maximum^  deduced  from  the  several  sets 
of  experiments,  are  exhibited  at  one  view,  in  column 
9,  of  Table  II. ;  and  from  hence  it  appears,  that  those 
ratios  differ  from  that  of  10  to  7*6  to  that  of  10  to  5*2, 
that  is,  nearly  fi-om  4  to  8  to  4  to  2.  In  those  experi- 
ments where  the  heads  of  water  and  quantities  expended 

*  Some  valuable  experiments  on  the  power  of  water  wheels  are  given 
by  Rennie,  in  Weale's  Quarterly  Papers  on  Engineering,  vol.  vi.  They 
however  require  reduction.  An  effect  of  *75  requires  a  flow  of  707  cubic 
feet  per  minute,  with  a  fall  of  one  foot,  for  a  horse  power. 
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are  least,  the  proportion  is  nearly  as  4  to  8,  but  where 
the  heads  and  quantities  are  greatest,  it  approaches 
nearer  to  that  of  4  to  2 ;  and  by  a  medium  of  the  whole, 

TABLE  eoniaining  the  Result  of  Sixteen  Experiments,  on  a  Model 

Overshot  Wheel,  by  Snuaton. 


No. 
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8 
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11 
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8 
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26$ 
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4840 
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1524 
1840 
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1167 
1245 
1500 
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2320 
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2846 
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77 
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90 
84 
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00 


the  ratio  is  that  of  8  to  %  nearly.  We  have  seen  before, 
in  our  observations  upon  the  effects  of  undershot 
wheels,  that  the  general  ratio  of  the  power  to  the  effect, 
when  greatest,  was  8  to  1 ;  the  effect ^  therefore,  ofover' 
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shot  wheels,  under  the  same  circumstances  of  quantity 
and  fall,  is  at  a  medium  double  to  that  of  the  undershot ; 
and,  as  a  consequence  thereof,  that  non-elastic  bodies, 
when  acting  by  their  impulse  or  collision,  communicate 
only  a  part  of  their  original  power ;  the  other  part  being 
spent  in  changing  their  figure,  in  consequence  of  the 
stroke. 

The  powers  of  water,  computed  from  the  height  of 
the  wheel  only,  compared  with  the  effects  as  in  column 
10,  appear  to  observe  a  more  constant  ratio  :  for,  if  we 
take  the  medium  of  each  class,  which  is  set  down  in 
column  11,  we  shall  find  the  extremes  to  differ  no 
more  than  from  the  ratio  of  10  to  8*1  to  that  of  10  to 
8'5  ;  and  as  the  second  term  of  the  ratio  gradually  in- 
creases from  8"1  to  8'5,  by  an  increase  of  head  from  S 
inches  to  11,  the  excess  of  8'5  above  8'1  is  to  be  im- 
puted to  the  greater  impulse  of  the  water  at  the  head 
of  11  inches,  above  that  of  3  inches :  so  that  if  we 
reduce  8*1  to  8,  on  account  of  the  impulse  of  the  3-inch 
head,  we  shall  have  the  ratio  of  the  power,  computed 
upon  the  height  of  the  wheel  only,  to  the  effect  at  a  mxtxi- 
mum,  as  10  to  8  or  as  5  to  4,  nearly ;  and  from  the 
equality  of  the  ratio  between  power  and  effect  subsist- 
ing, where  the  constructions  are  similar,  we  must  infer, 
that  the  effects,  as  well  as  the  powers,  are  respectively  as 
the  quantities  of  water  and  perpendicular  heights,  mul- 
tiplied  together. 

For  bbeast  wheels,  the  ratio  of  the  theoretical 
power  to  the  effective  power  must  vary  considerably, 
the  mean  value  being  about  *5  and,  therefore,  the 
effective  horse-power  would  be  66,000  foot-pounds,  or 
1,060  cubic  feet  falling  1  foot  in  one  minute.     Morin  j 
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gives  an  efficiency  of  from  '52  to  *7.  Egen,  with  a 
wheel  28  feet  in  diameter,  4^  feet  wide,  having  69 
ventilated  buckets,  very  well  constructed,  found  at  best 
an  efficiency  of  only  *52,  under  ordinary  circumstances 

TABLE  eoniaining  the  ResuU  of  Twenty-aeven  ExperinuTUs,  an  a  Model 

Undershot  Wheel,  by  Smeaton, 


*48,  the  mean  amount  being  *5.    Very  wide  wheels 
give  a  larger  effect,  sometimes  as  high  as  *7 ;  but  a 
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great  deal  depends  on  the  manner  of  bringing  on  the 
water  and  the  construction  of  the  wheel  and  buckets. 

Poncelet's  wheel  is  seldom  if  at  all  used  in  these 
countries.  The  effective  power  is  '5,  or  1,060  cubic 
feet  of  water  falling  one  foot  for  the  standard  horse* 
power. 

For  undebshot  wheels  the  mean  effect  may  be 
taken  at  one-third,  or  *88,  or  100,000  foot-pounds,  or 
1,590  cubic  feet  falling  one  foot  in  one  minute,  for  an 
effective  horse's  power;  a  maximum  effect  of  *5  is 
sometimes  approached,  and  a  Tniniinnm  of  '26  or  less. 
The  following  results,  obtained  from  a  model,  are 
given  by  Smeaton.  The  fArtual  or  effective  head  is 
here  termed  the  theoretical  head  due  to  the  velocity  of 
the  wheel,  at  the  circumference,  which  was  75  inches 
girth. 

Smeaton  derived  the  following  **  maxims  "  from  the 
foregoing  experiments.  Their  truth,  independent  of 
any  experiment,  will  be  apparent : — 

/. — That  the  virtual  or  effective  head  being  the  same,  the  effect  vnll  he 

nearly  as  the  quAwHty  of  voaUr  es^pemded, 
JL—ThoU  the  expense  of  toater  being  the  same,  the  effect  will  be  nearly 

aa  the  height  of  the  virtual  or  effective  head, 
IIL — That  the  quaniity  of  water  expended  being  the  eame,  the  effect 

18  nearly  cu  the  square  of  the  velocity, 
IV, — The  aperture  being  the  tame,  the  effe/A  will  be  nearly  as  the  cube 

of  the  velocity  of  the  water. 

Fob  tubbines  ob  hobizontal  wheels,  a  useful 
effect  of  two-thirds  or  *67  may  be  assumed,  or  49,500 
foot-pounds  in  a  minute  for  a  horse-power,  and  the 
efficiency  varies  from  '5  to  "8,  or  less.*    Poncelet's 

*  In  onr  first  edition  we  gave  an  efficiency  of  '821,  on  the  aathority 
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turbine  gives  an  efficiency  of  '5  to  *6.  Floating  wheels 
'88,  impact  wheels  from  *16  to  '4,  and  Barker  s  miU 
from  '16  to  'SS.  We  believe  that  the  efficiency  of  the 
turbine  has  been  too  often  over-estimated,  and  that 
the  great  advantage  of  this  wheel,  as  a  medium  of 
power,  is  derived  from  its  capability  of  employment  for 
all  falls,  whether  large  or  small,  without  any  consider- 
able loss  of  effect.  In  Ireland,  Mr.  Gardner,  of  Ar- 
magh, was  amongst  the  first,  if  not  the  first,  to  apply 
this  wheel  to  practical  purposes ;  and  Professor  Thom- 
son has,  in  his  vortex  wheels,  produced,  we  believe,  the 
highest  efficiencies  which  have  yet  been  obtained  in 
practice.  In  the  experiments  on  the  Ballysillan  wheel 
higher  efficiencies  would  probably  have  been  attained 
with  a  supply  pipe  of  larger  diameter.  It  will  be  seen 
from  the  remarks,  at  pp.  164  to  167,  and  the  tables, 
at  pp.  146  and  199,  that  quite  apart  from  bends,  &c., 
a  loss  of  mechanical  power  always  results  from  the 
passage  through  orifices  and  pipes;  and  that  it  is 
necessary  to  take  this  loss  into  account,  before  the  head 
acting  on  the  wheel  can  be  accurately  used  to  determine 
its  effective  power.  The  table,  p.  419,  contains  the 
experiments  on  the  Ballysillan  turbine. 

The  following  remarks  on  the  vortex  turbine,  read 
at  the  meeting  of  the  British  Association  at  Belfast, 
in  1852,  are  also  by  Professor  Thomson : — 

of  a  paper  by  Dr.  Robinson,  Armagh,  in  the  Proceedings  of  the  Royal 
Irish  Academy,  yoL  iv.,  p.  214.  On  again  glancing  over  this  paper, 
we  beUeve  there  are  mistakes,  which  yitiate  the  results  there  given ; 
first,  in  the  formula  for  calculating  the  discharge  over  the  weir,  and 
next,  in  the  formula  for  finding  the  effect  of  the  brake.  Francis  gives 
an  efficiency  of  '88,  p.  8,  in  his  book. 

K  s 
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"  Numberless  are  the  varietieSy  both  of  principle  and 
of  construction,  in  the  mechanisms  by  which  motive 
power  may  be  obtained  from  falls  of  water.  The  chief 
modes  of  action  of  the  water  are,  however,  reducible  to 
three,  as  follows : — First,  the  water  may  act  directly 
by  its  weight  on  a  part  of  the  mechanism  which  descends 
while  loaded  with  water,  and  ascends  while  free  from 
load.  The  most  prominent  example  of  the  application 
of  this  mode  is  afforded  by  the  ordinary  bucket  water 
wheel.  Secondly,  the  water  may  act  by  fluid  pressure, 
and  drive  before  it  some  yielding  part  of  a  vessel  b}"- 
which  it  is  confined.  This  is  the  mode  in  which  the 
water  acts  in  the  water  pressure  engine,  analogous  to 
the  ordinary  high-pressure  steam-engine.  Thirdly, 
the  water,  having  been  brought  to  its  place  of  action 
subject  to  the  pressure  due  to  the  height  of  fall,  may 
be  allowed  to  issue  through  small  orifices  with  a  high 
velocity,  its  inertia  being  one  of  the  forces  essentially 
involved  in  the  communication  of  the  power  to  the 
moving  part  of  the  mechanism.  Throughout  the 
general  class  of  water  wheels  called  turbines,  which  is 
of  wide  extent,  the  water  acts  according  to  some  of  the 
variations  of  which  this  third  mode  is  susceptible.  In 
our  own  country,  and  more  especially  on  the  Conti- 
nent, turbines  have  attracted  much  attention,  and 
many  forms  of  them  have  been  made  known  by  pub- 
lished descriptions.  The  subject  of  the  present  com- 
munication is  a  new  water  wheel,  which  belongs  to  the 
same  general  class,  and  which  has  recently  been  in- 
vented and  brought  successfully  into  use  by  the  author. 

**  In  this  machine  the  moving  wheel  is  placed  within 
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a  chamber  of  a  nearly  circular  form.  The  water  is 
injected  into  the  chamber  tangentially  at  the  circmn- 
ference,  and  thus  it  receives  a  rapid  motion  of  rota< 
tion.  Betaining  this  motion  it  passes  onwards  towards 
the  centre,  where  alone  it  is  free  to  make  its  exit. 
The  wheel,  which  is  placed  within  the  chamber,  and 
which  almost  entirely  fills  it,  is  divided  by  thin 
partitions  into  a  great  number  of  radiating  passages. 
Through  these  passages  the  water  must  flow  on  its 
course  towards  the  centre  ;  and  in  doing  so  it  imparts 
its  own  rotatory  motion  to  the  wheel.  The  whirlpool 
of  water  acting  within  the  wheel  chamber,  being  one 
principal  feature  of  this  turbine,  leads  to  the  name 
Vortex  as  a  suitable  designation  for  the  machine  as  a 
whole. 

"  The  vortex  admits  of  several  modes  of  construc- 
tion, but  the  two  principal  forms  are  the  one  adapted 
for  high  falls  and  the  one  for  low  falls.  The  former 
may  be  called  the  High-pressure  Vortex,  and  the 
latter  the  Low-pressure  Vortex.  Examples  of  these 
two  kinds  are  in  operation  at  two  mills  near  Belfast. 

**  The  height  of  the  fall  for  the  first  vortex  is  about 
37  feet,  and  the  standard  or  medium  quai^tity  of  water, 
for  which  the  dimensions  of  the  vaiious  parts  of  the 
wheel  and  case  are  calculated,  is  640  cubic  feet  per 
minute.  With  this  fall  and  water-supply  the  esti- 
mated power  is  28  horse-power,  the  efficiency  being 
taken  at  75  per  cent.  The  proper  speed  of  the  wheel, 
calculated  in  accordance* with  its  diameter  and  the 
velocity  of  the  water  entering  its  chamber,  is  865 
revolutions  per  minute.     The  diameter  of  the  wheel 
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is  22f  inches,  and  the  extreme  diameter  of  the  case 
is  4  feet  8  inches. 

**  In  the  second  vortex,  the  fall  being  taken  at  7 
feet^  the  calculated  quantity  of  water  admitted,  at 
the  standard  opening  of  the  guide-blades,  is  2,460 
cubic  feet  per  minute.  Then,  the  efficiency  of  the 
wheel  being  taken  at  75  per  cent.,  its  power  will 
be  24  horse-power.  Also,  the  speed  at  which  the 
wheel  is  calculated  to  revolve  is  48  revolutions  per 
minute. 

'*  The  two  examples  which  have  now  been  described 
of  vortex  water  wheels,  adapted  for  very  distinct 
circumstances,  will  serve  to  indicate  the  principal 
features  in  the  structural  arrangements  of  these  new 
machines  in  general.  Bespecting  their  principles  of 
action  some  further  explanations  wiU  next  be  given. 
In  these  machines  the  velocity  of  the  circumference 
is  made  the  same  as  the  velocity  of  the  entering 
water,  and  thus  there  is  no  impact  between  the  water 
and  the  wheel ;  but,  on  the  contrary,  the  water  enters 
the  radiating  conduits  of  the  wheel  gently,  that  is 
to  say,  with  scarcely  any  motion  in  relation  to  their 
mouths.  In  order  to  attain  the  equalization  of  these 
velocities,  it  is  necessary  that  the  circumference  of  the 
wheel  shotM  move  with  the  velocity  which  a  heavy  body 
would  attain^  in  falling  through  a  vertical  space  equal 
to  half  the  vertical  faU  of  the  water ^  or  in  other  words , 
with  the  velocity  due  to  half  the  fall ;  and  that  the 
orifices  through  which  the  water  is  injected  into  the 
wheel-chamber  should  be  conjointly  of  such  area  that 
when  all  the  water  required  is  flowing  through  them. 
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it  also  may  have  a  velocity  due  to  half  the  fall.  Thus 
one-half  only  of  the  fall  is  employed  in  producing 
velocity  in  the  water ;  and,  therefore,  the  other  half 
still  remains  acting  on  the  water  within  the  wheel- 
chamber  at  the  circumference  of  the  wheel,  in  the 
condition  of  fluid  pressure.  Now,  with  the  velocity 
already  assigned  to  the  wheel,  it  is  found  that  this 
fluid  pressure  is  exactly  that  which  is  requisite  to 
overcome  the  centrifugal  force  of  the  water  in  the 
wheel,  and  to  bring  the  water  to  a  state  of  rest  at 
its  exit ;  the  mechanical  work  due  to  both  halves  of 
the  fall  being  transferred  to  the  wheel  during  the 
combined  action  of  the  moving  water  and  the  moving 
wheel.  In  the  foregoing  statements,  the  efiects  of 
fluid  friction,  and  of  some  other  modifying  influences, 
are,  for  simplicity,  left  out  of  consideration ;  but  in 
the  practical  application  of  the  principle,  the  skill 
and  judgment  of  the  designer  must  be  exercised  in 
taking  all  such  elements,  as  far  as  possible,  into 
account.  To  aid  in  this,  some  practical  rules,  to 
which  the  author  as  yet  closely  adheres,  were  made 
out  by  him  previously  to  the  date  of  his  patent* 
These  are  to  be  found  in  the  specification  of  the 
patent,  published  in  the  Mechanics*  Magazine  for 
January  18  and  January  25,  1851  (London). 

*^  In  respect  to  the  numerous  modifications  of  con- 
struction and  arrangement  which  are  admissible  in 
the  vortex,  while  the  leading  principles  of  action  are 
retained,  it  may  be  sufficient  here  merely  to  advert, — 
first,  to  the  use  of  straight  instead  of  curved  radiating 
X)assages  in  the  wheel ;  secondly,  to  the  employment. 
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for  simplicity,  of  invariable  entrance  orifices,  or  of 
fixed  instead  of  moveable  guide-blades ;  and  lastly,  to 
the  placing  of  the  wheel  at  any  height,  less  than  about 
thirty  feet,  above  the  water  in  the  tail-race,  combined 
with  the  employment  of  suction  pipes  descending 
from  the  central  discharge  orifices,  and  terminating  in 
the  water  of  the  tail-race,  so  as  to  render  available  the 
part  of  the  fall  below  the  wheel. 

**  In  relation  to  the  action  of  turbines  in  general, 
the  chief  and  most  commonly  recognized  conditions, 
of  which  the  accomplishment  is  to  be  aimed  at,  are 
that  the  water  should  flow  through  the  whole  machine 
with  the  least  possible  resistance,  and  that  it  should 
enter  the  moving  wheel  without  shock,  and  be  dis- 
charged from  it  with  only  a  very  inconsiderable  velo- 
city. The  vortex  is  in  a  remarkable  degree  adapted 
for  the  fulfilment  of  these  conditions.  The  water 
moving  centripetally  (instead  of  centrifugally,  which 
is  more  usual  in  turbines),  enters  at  the  period  of 
its  greatest  velocity  (that  is,  just  after  passing  the 
injection  orifices)  into  the  most  rapidly  moving  part  of 
the  wheel,  the  circumference ;  and,  at  the  period  when 
it  ought  to  be  as  far  as  possible  deprived  of  velo- 
city, it  passes  away  by  the  central  part  of  the  wheel, 
the  part  which  has  the  least  motion.  Thus,  in  each 
case,  that  of  the  entrance  and  that  of  the  discharge, 
there  is  an  accordance  between  the  velocities  of  the 
moving  mechanism  and  the  j^oper  velocities  of  the 
water. 

**  The  principle  of  injection  from  without  inwards, 
adopted    in    the   vortex,   affords    another  important 
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advantage  in  comparison  with  turbines  having  the  con- 
trary motion  of  the  water ;  as  it  allows  ample  room, 
in  the  space  outside  of  the  wheel,  for  large  and  well- 
formed  injection  channels,  in  which  the  water  can  be 
made  very  gradually  and  regularly  to  converge  to 
the  most  contracted  parts,  where  it  is  to  have  its 
greatest  velocity.  It  is  as  a  concomitant  also  of  the 
same  principle,  that  the  very  simple  and  advantage- 
ous mode  of  regulating  the  power  of  the  wheel,  by 
the  moveable  guide-blades  already  described,  can  be 
introduced.  This  mode,  it  is  to  be  observed,  while 
giving  great  variation  to  the  areas  of  the  entrance 
orifices,  retains  at  aU  times  very  suitable  forms  for 
the  converging  water  channels. 

'^  Another  adaptation  in  the  vortex  is  to  be  re- 
marked as  being  highly  beneficial,  that,  namely, 
according  to  which,  by  the  balancing  of  the  contrary 
fluid  pressures  due  to  half  the  head  of  water  and  to 
the  centrifugal  force  of  the  water  in  the  wheel,  com- 
bined with  the  pressure  due  to  the  ejection  of  the 
water  backwards  from  the  inner  ends  of  the  vanes 
of  the  wheel  when  they  are  curved,  only  one-half  of 
the  work  due  to  the  fall  is  spent  in  communicating 
vis  viva  to  the  water,  to  be  afterwards  taken  from  it 
during  its  passage  through  the  wheel ;  the  remainder 
of  the  work  being  communicated  through  the  fluid 
pressure  to  the  wheel,  without  any  intermediate 
generation  of  vis  viva.  Thus  the  velocity  of  the 
water,  where  it  moves  fastest  in  the  machine,  is  kept 
comparatively  low;  not  exceeding  that  due  to  half 
the  height  of  the  fall,  while  in  other  turbines  the 
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water  usually  requires  to  act  at  much  higher  velocities. 
In  many  of  them  it  attains  at  two  successive  times  the 
velocity  due  to  the  whole  fall.  The  much  smaller 
amount  of  action,  or  agitation,  with  which  the  water 
in  the  vortex  performs  its  work,  causes  a  material 
saving  of  power  by  diminishing  the  loss  necessarily 
occasioned  by  fluid  friction. 

"  In  the  vortex,  further,  a  very  favourable  influence 
on  the  regularity  of  the  motion  proceeds  from  the 
centrifugal  force  of  the  water,  which,  on  any  increase 
of  the  velocity  of  the  wheel,  increases,  and  so  checks 
the  water  supply;  and  on  any  diminution  of  the 
velocity  of  the  wheel,  diminishes,  and  so  admits  the 
water  more  freely;  thus  counteracting,  in  a  great 
degree,  the  irregidaxities  of  speed  arising  from  varia- 
tions in  the  work  to  be  performed.  -  When  the  work 
is  subject  to  great  variations,  as  for  instance  in  saw- 
mills, in  bleaching  works,  or  in  forges,  great  incon- 
venience often  arises  with  the  ordinary  bucket  water- 
wheels  and  with  turbines  which  discharge  at  the 
circumference,  from  their  running  too  quickly  when 
any  considerable  diminution  occurs  in  the  resistance 
to  their  motion. 

"The  first  vortex  which  was  constructed  on  the 
large  scale  was  made  in  Glasgow,  to  drive  a  new 
beetling-miU  of  Messrs.  C.  Hunter  and  Co.,  of 
Dunadry,  in  County  Antrim.  It  was  the  only  one  in 
action  at  the  time  of  the  meeting  of  the  British 
Association  in  Belfast ;  but  the  two  which  have  been 
particularly  described  in  the  present  article,  and  one 
for  an  unusually  high  fall,  100  feet,  have  since  been 
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completed  and  brought  into  operation.  There  are 
also  several  others  in  progress ;  of  which  it  may  be 
sujBEicient  to  particularize  one  of  great  dimensions  and 
power,  for  a  new  flax-mill  at  Ballyshannon  in  the 
West  of  Ireland.  It  is  calculated  for  working  at  150 
horse-power,  on  a  fall  of  14  feet,  and  it  is  to  be 
impelled  by  the  water  of  the  River  Erne.  This  great 
river  has  an  ample  reservoir  in  the  Lough  of  the 
same  name ;  so  that  the  water  of  wet  weather  is  long 
retained,  and  continues  to  supply  the  river  abund- 
antly even  in  the  dryest  weather.  The  lake  has  also 
the  effect  of  causing  the  floods  to  be  of  long  duration, 
and  the  vortex  will  consequently  be,  through  a  con- 
siderable part  of  the  year,  and  for  long  periods  at 
a  time,  deeply  submerged  under  backwater.  The 
water  of  the  tail-race  will  frequently  be  seven  feet 
above  its  ordinary  summer  level ;  but  as  the  water  of 
the  head-race  will  also  rise  to  such  a  height  as  to 
maintain  a  sufficient  difference  of  levels,  the  action  of 
the  wheel  will  not  be  deranged  or  impeded  by  the 
floods.  These  circumstances  have  had  a  material 
influence  in  leading  to  the  adoption  in  the  present 
case  of  this  new  wheel  in  preference  to  the  old  breast 
or  undershot  wheels." 

The  next  tables  have  been  arranged  by  us  from 
Mr.  Francis'  valuable  experiments.  They  show  the 
ratio  of  the  effect  to  the  power  in  two  wheels,  the  first 
a  centre-vent  wheel,  erected  at  the  Boott  Cotton  Mills, 
and  the  second  a  turbine,  erected  at  the  Tremont  Mills, 
Lowell,  Massachusetts. 

The  maximum  effect  *794  was  obtained  from  the 
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Tremont  turbine  experiments,  when  the  velocity  of 
tJie  interior  circumference  of  the  wheel  was  to  that 
due  to  the  whole  Ml  as  '68  to  1 ;  and  an  effect  of  78 
per  cent,  was  obtained  when  these  velocities  were  as 
*51  to  1.  In  the  Boott  centre-vent  wheel  the  maxi- 
mum effect  '797  was  obtained  when  the  velocity  of 
the  exterior  circumference  was  to  that  due  to  the  fall 
as  *64  to  1;  and  a  like  effect  was  produced  when 
this  ratio  was  '708  to  1.  Indeed,  between  these 
ratios  the  useful  effect  was  nearly  the  same ;  an 
effect. of  '78  to  '79  was  obtained  for  all  such  ratios 
between  limits  of  '59  and  *71  to  1,  averaging  a  ratio 
of  *  65  to  1.  If  a  turbine  have  a  variable  fall,  say 
from  2  to  1,  and  be  of  sufficient  capacity  to  give 
the  required  power  always,  the  dimensions  should 
be  determined  from  the  lesser  fall,  and  if  correctly 
so  determined,  it  will  not  have  sufficient  velocity 
for  the  greater  fall.  When  the  fall  is  greatest  the 
quantity  in  the  same  place  is  generally  least,  giving 
thereby  a  lessened  effect  when  most  is  required. 
For  such  cases  two  turbines  may  be  used  with 
advantage. 


TABLE  AowiM  ihs  EmtlU  qf  Sxptrimndt  %mom  a  Model  <f  a  Cntire-vmi  WaUr 
Wheel,  tmd  abo  upon  a  Centre-veni  Water  WheeL  at  ike  BooU  Cotton  JiUle,  LomeU, 
Maeeaekmeettet  arranged  from  Mr.  Fraaei^  valuable  Jlrperiaieiif».  Diemeter  oT 
Wheel  to  the  outeide  qf  the  Sueketa,  abtmt  e-Sfeet.  Devthe  tf  JBxtemal  Qwde 
Cmnm  about  76  foot.  External  heiaht  qf  Wleel  about  1*6  feet  Ifumber  qf 
Buekete,  40.  Mean  heiaht  qf  the  orjficee  between  ike  Quidee,  1  foot.  Diameter  ^ 
Sujf^  Pipe,  8  feet.  TheJIret  Senen  Bxperimente  were  made  on  a  Model,  the  Bx^ 
terior  Diaaneter  qf  the  Wheel  heimg  22^  indue.  Interior  Diaeuter  19^  mcAm,  heighi 
between  the  Crowne  2^|  inehee,  and  the  number  qf  Buekete  86.  The  ConetrueUon  qf 
the  Wheel  ie  ahown  tn  Mr.  Praneie'  Book,  and  all  neoeeearu  DetaUe.  The  general 
— ■•— ^»-  qfthe  Centre'vent  Wheel  qfFraneuf  and  Thowuon^e  Vortex  Wheel  a^ 


heeame;  the  Guide  Bladee  being  fewer  in  the  latter,  and  capable 


el  appeare 
qf  a4juet^ 


1 
1 

1 

'f 

1 

ii 

Cubic  feet  of  Water 

acting  on  the  Wheel 

per  second. 

l|i 

Berolntlonsoftbe 
Wheel  per  second. 

il 

VelocltT  due  to  the 

fUl  acting  on  the 

Wheel. in  fleet  per 

■eoond. 

Velocity  of  the  out. 

side  cirrumferenoe  of 

the  Wheel.  In  teat 

par  second. 

2 

3 

4 

6 

6 

7 

8 

9 

10 

2*62 

•366 

2-15 

337-7 

1-14 

W 

•679 

12-73 

6-83 

2 

2-46 

•366 

2-16 

881-6 

1*34 

14  • 

•711 

12-58 

8-03 

8 

2-60 

•867 

2-17 

338-0 

1-64 

12-6 

•716 

12-68 

9-23 

4 

200 

•372 

2-21 

368-2 

1-70 

W 

•705 

12-93 

10-03 

5 

2-00 

•373 

2-22 

361-3 

1*73 

11-5 

•692 

12-95 

10-36 

6 

2-60 

•873 

2  22 

669-6 

1-71 

11-5 

•689 

12-93 

10-26 

7 

2-60 

•374 

2-23 

860-8 

1-90 

10-0 

•648 

12*93 

11-16 

8 

14-60 

1-296 

67-63 

61493-4 

-69 

676-6 

•377 

80  ^66 

17-39 

9 

14-67 

1-262 

64-89 

69364-4 

•88 

202-1 

-203 

30-72 

26-77 

10 

14-67 

1-282 

66-43 

60347-0 

•72 

407-2 

•332 

80-61 

21-21 

11 

1416 

1-284 

66-61 

68821-6 

64 

606-0 

•382 

30-18 

16-97 

12 

14*20 

1^290 

67-03 

69361-7 

60 

666-3 

-381 

30-22 

14-65 

IS 

14-14 

1-288 

66-89 

69002*2 

•45 

720-6 

•873 

80-16 

13-18 

14 

14-24 

1-294 

67-37 

69868-1 

•26 

031-9 

269 

30-27 

7-46 

16 

14-30 

1-211 

61-08 

54486-4 

1-01 

•  • 

•  • 

30  33 

29-75 

16 

14-29 

1-614 

86- 

76732-8 

1-01 

334  1 

•303 

30-32 

29-63 

17 

14-28 

1-631 

86-36 

76608-0 

•96 

441-2 

•376 

30-25 

2816 

18 

14-20 

1-639 

87  08 

77093-2 

•93 

601-8 

-413 

30-22 

27-35 

19 

14-19 

1-647 

87-68 

77607-2 

•90 

6626 

444 

30-21 

26-43 

20 

14-19 

1-664 

88-28 

78143-8 

•86 

666-6 

•489 

30-22 

2812 

21 

13-78 

1-676 

9017 

77480-4 

•69 

966 -6 

582 

29-77 

20-37 

22 

13-61 

1-694 

91-70 

778121 

•60 

1140-9 

•596 

29-68 

17-64 

23 

13-94 

1-418 

77-11 

67076-7 

118 

•  • 

•  ■ 

29-9 

84-61 

24 

13-62 

1-642 

95-76 

80736-3 

1-06 

2630 

•245 

29-49 

82-44 

26 

13-37 

1-673 

98  49 

82145-2 

•99 

631-8 

■437 

29-33 

29-14 

26 

13-37 

1-696 

100-42 

88728-2 

•90 

786  8 

•676 

29-32 

26-43 

27 

18-40 

1-718 

102-42 

86571-4 

•82 

1001*5 

•657 

29-»5 

24-20 

28 

18-38 

1-723 

102  82 

85800-0 

•79 

1107-4 

•690 

29-84 

23*07 

29 

18-34 

1-731 

103-62 

86138-0 

•76 

1206-0 

•710 

29-30 

21*89 

SO 

13-82 

1-734 

103-77 

86218-8 

•79 

1269-2 

•720 

29-27 

21-26 

81 

13-83 

1-783 

103-70 

86229-3 

•71 

1297-3 

-728 

29-29 

20-86 

32 

13-80 

1-789 

104-28 

86483-7 

•70 

1329-8 

731 

29-25 

2050 

33 

18-70 

1-696 

92-02 

78648-0 

1-25 

a  • 

•  • 

29-70 

36-78 

34 

13-40 

1-832 

112-62 

94067'5 

•71 

1664-2 

*797 

29-86 

20-81 

86 

13-43 

1-837 

112-99 

94662*2 

•70 

1684-0 

•796 

29-89 

20-61 

36 

13-33 

1-832 

112-66 

93608-9 

•68 

1613-9 

•797 

29-28 

19-93 

87 

13-38 

1-887 

113-00 

94296-4 

•67 

1644-4 

•797 

29-33 

19-71 

38 

13-39 

1-838 

113-07 

94416-2 

•66 

16761 

•796 

29*34 

19-36 

89 

13-38 

1-839 

113-16 

94471-1 

•65 

1706-6 

•796 

29*34 

19^ 

40 

13-36 

1-838 

113-09 

94219-0 

■64 

1786-9 

•797 

29*31 

18-67 

41 

13-38 

1-844 

113  67 

94881-9 

•62 

1768-4 

•791 

29-34 

18-32 

42 

13-40 

1-861 

114-29 

96571-2 

•61 

18021 

-787 

29-36 

18D0 

43 

18-82 

1-848 

113-97 

94703-1 

•69 

1836*2 

•781 

29  27 

17-88 

44 

18-64 

1-809 

110-46 

93270-1 

•  • 

3166-8 

•  • 

29-61 

•  • 

46 

13-67 

1-807 

110-82 

98422-4 

•  e 

2793*8 

•  a 

29-65 

•  • 

46 

13-60 

1-688 

99-79 

84636-0 

1-29 

a  • 

•  • 

29-67 

87-70 

TABLE  Bkowing  tk»  BuuUb  </  ExpwimmtU  upon  the  TwUm  at  Tremmi  MtUt» 
Lowell,  MattaekmmUa,  arranaedirom  Mr.  I^nei$*  vahuMe  SxperimenU.  Dta- 
meter,  meaeured  totke  Exterior  Oretui^ferenee  qf  Crowiu  of  the  Wketl,  iSSSfiet. 
Height  of  Buekete  frtm  top  of  the  Diee  to  the  bottom  qfthe  Qamitmre,  "Vljeet. 
Ifumber  qf  Bueketa,  44.  Wtdlh  if  the  Bneket$,  S  foot  nearly.  Width  <f  OrMde 
Owvee,  23  feet  nearly.  Ifumber  tf  Ditto,  83.  A  Double  Weir  frith  4  end  eonetrue- 
tione,  and  16-98  foet  W.  ueed  for  gauging  the  Water,  the  Greet  being  6'5feet  above 
"  'w  of  the  WheelPu.  The  Falh  ehow  the  difference  tfheade  in  the  Forebog  and 
i  Pit.  For  further  detaile,  eee  Fronde*  Xowell  Hgdraulie  Expetimente,  pp. 
The  eupplg  pipe  iefullg  a  quadrant,  and  varieejrom  6  to  9  feet  in  diameter. 


the 


1  to  43 


as 

1 
1 

Falls  acting  on  the 

Depths  on  the  Weir 
infect. 

Cubic  fcet  of  Water 

acting  on  the  Wheel 

pei  second. 

1 

Nnmher  of  pounds 
avoirdupois,  if  raised 
one  foot  per  second. 

Number  of  rvf  olutions 
of  the  Wheel  per 
second. 

Weight  in  the  scale  in 
pounds  aTolrdnpols. 

Ratio  of  the  effect  to 
the  power,  calculated 
by  means  of  Prony's 
brake  or  dynamometer. 

Telocity  due  to  the  Ml 

acting  on  the  Wheel, 

in  feet  per  second. 

Telocity  of  the  interior 

circumference  of  the 

Wheel,  in  fbct  per 

second. 

2             8 

4                5 

6 

7 

8 

9 

10 

12-864 

1-88 

18942 

111870  0 

•894 

1443-34 

784 

28-76 

18-95 

2 

12-869 

1-88 

139-47 

111951-2 

•894 

1448-84 

•784 

2877 

18-96 

3 

12-611 

2-02 

154-40 

121444-2 

1-582 

411-48 

•853 

28-48 

82-49 

4 

12  696 

1-97 

149-46 

118363-5 

1-382 

688  36 

-507 

28-68 

29-82 

5 

12-777 

1-94 

146-02 

116373-2 

1-245 

864-87 

•622 

28-67 

26-40 

6 

12-819 

1-92 

148-91 

116067-3 

1-125 

1057-49 

708 

28  71 

23*86 

7 

12-866 

1-91 

142-62 

114284-2 

1-067 

1156  27 

•735 

28  76 

22-68 

8 

12-888 

1-90 

142-04 

114187  1 

1024 

1229-41 

760 

28-79 

21-71 

9 

12896 

1-90 

141-28 

113640 -9 

*970 

1819-22 

766 

28-80 

20-67 

10 

12  883 

1-89 

140  D8 

1126687 

-923 

1397-12 

•779 

28-79 

19-67 

11 

12-899 

1-88 

139-90 

112563-3 

•902 

1488*43 

-781 

28  80 

19-18 

12 

12-905 

1-88 

189-01 

111898^5 

-892 

1454*24 

789 

28  81 

18-92 

18 

12-899 

1-88 

189 -08 

111859-4 

•885 

1464*80 

•788 

28-80 

18-77 

14     12-902 

1-87 

138*85 

111740*8 

•880 

1474*87 

•790 

28-81 

18-66 

15     12-90e 

1^87 

188-51 

111504-9 

•866 

1498'66 

792 

28-81 

18*87 

16     12  916 

1-87 

188-27 

111884  0 

•886 

1562*44 

794 

28-82 

1778 

17 

12-934 

1-87 

188*23 

1115211 

•818 

1597-08 

•792 

28-84 

17-25 

18 

12-939 

1-86 

187-71 

111189-7 

742 

1724*40 

78i 

28-85 

15*74 

19 

12*940 

1-84 

18514 

1090771 

•646 

191145 

•770 

28-85 

18*69 

20 

12-963 

1-84 

185-34 

109433-4 

•647 

1911*45 

•769 

28-88 

13-72 

21 

12-977 

1-83 

138-75 

108265-8 

•582 

2167  88 

725 

28-89 

11*29 

22 

12-948 

1-82 

188-43 

1077647 

•454 

2367*88 

•679 

28-86 

9-68 

23 

12-954 

1-87 

188-62 

1120098 

-882 

1665 -21 

•791 

28-86 

17*64 

24 

12-982 

1-87 

138-50 

111720-6 

•817 

1590-50 

-791 

28-84 

17*32 

25 

12-961 

1-87      188-87 

111777-2 

789 

1641-84 

788 

28-86 

16*74 

26  1  12-758 

27  1  12-909 

1-92      143 -88 

1140607 

1-483 

890-95 

•346 

28  65 

81-45 

1-86 

137-75 

110917-6 

1-142 

963-80 

•676 

28-82 

24-21 

28 

12-960 

1-86 

187-00 

1106647 

1025 

116077 

725 

28-86 

2173 

29 

12-965 

1-84 

185  10 

109252-2 

•930 

1293-68 

750 

28*88 

1974 

30 

12-999 

1-82 

183-80 

106082*5 

-865 

139611 

760 

28-92 

.  1888' 

31 

13-026 

1-81 

181-99 

107246-8 

•844 

1494-68 

•768 

28-95 

17  05 

32 

13028 

1-80 

180-89 

106866-6 

708 

1666-98 

•750 

28.95 

15*01 

38 

18-077 

1-68 

118-55 

96699-5 

1861 

816-08 

•800 

29-00 

28-66 

34 

18-184 

1-66 

11610 

95112-0 

1-219 

519*69 

'458 

29-06 

25*84 

35 

13-215 

1-63      118-24 

93346-0 

1^004 

882-26 

•609 

29-15 

21*28 

36 

13-282 

1-59      10971 

90893-3 

•843 

1088 -80 

•652 

29^ 

1788 

37 

13-310 

158 

107-95 

896207 

776 

1115-02 

•666 

29-26 

16-44 

88 

18-362 

1-54 

103-85 

86556 -6 

•616 

1277*98 

•619 

29  82 

1806 

39 

12-888 

1-86 

137-36 

110380-8 

•855 

1482-66 

781 

2879 

1812 

40 

12-896 

1^86 

136-97 

110176-6 

•822 

1544-87 

784 

28-80 

17-42 

41 

12-912 

1-86 

186-55 

109978-0 

789 

1604-85 

783 

28  82 

1678 

42 

18-369 

1-27 

78-84 

65746^8 

1-146 

118-69 

•141 

29-82 

24^d0 

43 

13-895 

1-25 

76-62 

640181 

•960 

825-89 

•382 

29  35 

20*86 

44 

13*485 

1-22 

74^05 

62062*0 

•772 

519-86 

•440 

29*40 

16^87 

45 

13-478 

119 

71^87 

60424  •O 

•672 

612-22 

•468 

2944 

14^25 

46 

18-518 

117 

70^01 

59006^4 

•560 

704-44 

•455 

29*48 

11-87 

47 

18-569 

111 

6450 

54554-9 

•300 

882-02 

•880 

29*58 

686 

48 

13-965 

-78 

88-22 

88840*8 

•620 

118-59 

•160 

29-99 

13*14 

49 

14-001 

•78 

88-57 

88683-5 

•689 

78*14 

•102 

80-01 

14-61 

60 

14  020 

•76 

3717 

82508  0 

•388 

296  D9 

•240 

80*03 

8-22 

430 


THB  DISCHAUGE  OF  WATER  PROM 


TABUS  for  TwMfm  i^fdi^erent  Biamtten,  modified  from  FrawM,  operating  wUk  difmui 
JbUt;  OMaumimfftke  ut^pd  ^eet  %$  Mwufw^w  per  oral  <^  the  power  expended,  i£ai  tke 
Velodtf  qf  tke  Interior  areuntferenee  it^ftjf-mx  per  eent.  iff  tke  Vtloeitv  dmetotke  Jbtf, 
and  thai  ai$o  ike  Seigkt  between  tke  Crowm  i$  one^tetUh  ef  tke  Outeide  Diameter, 


Oatddediametara    ft. 

Ootnde  diameter  8    ft. 

Oatalda  diameter  4    ft. 

Oatride diameters   ft.1 

laalde         ^       IM„ 

Inside         .,       S  n  H 

Inside          „       S  M » 

Inside 

.        4-11  . 

i 

MomterofbocketaSS. 

Nnmbcrofboekelili. 

Nnmbcrofbaeketatt. 

Mnmbcr  of  bocketi  45. 

P 

8. 

SI 

u 

i 

I 

%l 

• 

I 

I& 

fe 

•• 

•v4 

1 

1 

Water  dlKba 
la  cable  feet 
second. 

1 

1^ 

1 

Water  dlidia 
In  cable  feet 
second. 

a 

1 

1 

Water  dlseha 
In  cable  feet 
scoond. 

1 

2 

5 

4-5 

1-9 

123 

10-1 

4-3 

80 

17-88 

7-6 

59 

27-9 

11-9 

47 

6 

4-9 

2-6 

135 

11-0 

6-6 

88 

19-6 

10-0 

65 

80-6 

15*6 

51 

7 

5-8 

8-1 

146 

11-9 

7-1 

95 

21  17 

12-6 

70 

33-1 

197 

55 

8 

5-7 

8-8 

156 

12-7 

8-7 

102 

22*68 

15-4 

75 

35-8 

24-0 

59 

9 

6-0 

4-6 

165 

13-5 

10-8 

108 

24  00 

18-4 

79 

87-5 

287 

63 

10 

6-8 

6-4 

174 

14-2 

121 

U4 

25-80 

21-5 

84 

39-5 

33*6 

m 

11 

6-6 

6-2 

183 

14-9 

18-9 

119 

26-53 

24*8 

88 

41-5 

38-8 

69 

12 

6-9 

7-1 

191 

15-6 

15-9 

125 

2771 

28*8 

92 

43*3 

44*2 

72 

18 

7-2 

8  0 

199 

16-2 

17-9 

180 

28-84 

31*9 

95 

45-1 

49-8 

76 

U 

7-5 

8-9 

206 

16-8 

20-0 

185 

29-93 

35-6 

99 

46*8 

557 

78 

15 

7-7 

9-9 

213 

17-4 

22-2 

189 

30-98 

39*5 

103 

48-4 

617 

81 

16 

8-0 

10-9 

220 

18-0 

24-5 

144 

32-00 

43-5 

106 

50-0 

68-0 

83 

17 

8*2 

11-9 

227 

18-5 

26-8 

148 

32-99 

477 

109 

51*5 

74*5 

86 

18 

8-5 

180 

284 

19-1 

29-2 

153 

38*94 

51-9 

112 

58-0 

81  1 

88 

19 

8-7 

14-1 

240 

19-6 

31-7 

157 

84-87 

56*3 

115 

54-5 

88-0 

91 

20 

8*9 

16-2 

247 

201 

84-2 

161 

35-78 

60-8 

118 

55-9 

95  0 

93 

21 

9*2 

16-4 

258 

20-6 

36-8 

165 

86-66 

65*4 

121 

57-8 

102*2 

96 

22 

9-4 

17-6 

259 

21  1 

89-5 

169 

87-52 

70-2 

124 

58-6 

109-6 

98 

28 

9-6 

18-7 

264 

21-6 

42-2 

172 

88-87 

75*0 

127 

59*9 

117-2 

100 

24 

9-8 

20-0 

270 

22  0 

45  0 

176 

89  19 

79*9 

130 

61-2 

124*9 

102 

25 

10  0 

21-2 

276 

22-5 

47-8 

180 

40-00 

850 

132 

62-5 

132*8 

104 

26 

10-2 

22-5 

281 

22-9 

60-7 

183 

4079 

90-1 

135 

637 

140*9 

106 

27 

10-4 

28-8 

286 

28-4 

537 

187 

41-57 

95*4 

138 

65*0 

149*1 

108 

28 

10-6 

25-2 

292 

23-8 

56-7 

190 

42-33 

1007 

140 

66-1 

157-4 

110 

29 

10-8 

26-5 

297 

24-2 

597 

194 

43-08 

106*2 

143 

67-3 

165*9 

112 

80 

10-9 

27-9 

802 

24-6 

62-8 

197 

43*82 

1117 

145 

68-5 

174*6 

114 

81 

111 

29-8 

307 

25  0 

66  0 

200 

44-54 

117-4 

147 

69-6 

183*4 

116 

82 

11-8 

80-8 

312 

25-5 

69-2 

203 

45-25 

1281 

150 

707 

192-3 

118 

88 

11-6 

82-2 

317 

25-8 

72-5 

207 

45*96 

128*9 

152 

71-8 

201-4 

120 

84 

11-7 

88-7 

321 

26-2 

75-8 

210 

46*65 

134*8 

154 

72*9 

210-6 

122 

85 

11-8 

35-2 

326 

26-6 

79*2 

213 

47*33 

140*8 

157 

73*9 

220*0 

12i 

86 

12-0 

367 

381 

27-0 

82-6 

216 

48-00 

146*9 

159 

75  0 

229*5 

125 

37 

12-2 

38 -3 

885 

27-4 

86  1 

219 

48-66 

153*0 

161 

76*0 

239*1 

127 

88 

12-8 

39-8 

840 

27-7 

89-6 

922 

49*32 

159*3 

168 

77*0 

248*9 

129 

39 

12-6 

41-4 

844 

28  1 

98-2 

225 

49*96 

166*6 

165 

78*1 

258*8 

130 

40 

12-6 

48*0 

349 

28-5 

96-8 

227 

50*60 

172*0 

167 

79*1 

268-8 

13^ 
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TABLE  qfTurUumqfd^bnni  DiamHwn,  moi^Ud  firm  Frameu,  optmtmg  wUk  diftrent 
Falls;  awKMtM  the  uttful  ^§H  i$  »0veni9i^ve  per  cent,  qf  the  power  expended,  tXat  the 
Veloeiig  <(fthe  Interior  dremirferenee  iejfftg-e&per  eenL  of  tke  VeloeUgdMe  to  the  FalL 
and  thai  aleo  ike  Height  between  the  Orowne  ie  one-temtk  cfthe  Outeide  Diaimeter, 


I 


Oatiide  dJABWtor  6    ft. 
Inside  „       f    .. 

Number  of  Imcketa  48. 


Outside  dUmeter  7   ft. 
Inside  ..       S'W  M 

Nnmbcr  of  Imekets  51. 


r 


i 


H 


i 


1 


Ontalde  diameter  8    ft. ' OnUide  diameter  10  ft. 
Inside  M       8-81  >.  lotide  ..       8-87 ,. 

Number  of  bockets  54.  Number  of  boekete  88. 


mm 

& 
I 


a"? 


& 

I 


la 


5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


40-2 
44-1 
47-6 
50-9 
54  0 
56*9 
59-7 
62*4 
64-9 
67-3 
69-7 
72-0 
74-2 
76-4 
78-5 
80-5 
82-6 
84*4 
86*3 
88-2 
90-0 
91-8 
98*5 
95*2 
96*9 
98-6 
100-2 
101-8 
108-4 
106-0 
106-6 
108-0 
109*5 
lU-O 
112-4 
113-8 


17-1 

22-5 

28*3 

34*6 

41-3 

48-4 

65-8 

63-6 

71-7 

80-1 

88-9 

97-9 

107-2 

116-8 

126-7 

136-8 

147-2 

157-9 

168*8 

179*9 

191*2 

202*8 

214*6 

226*7 

238-9 

251*4 

264*1 

277-0 

290-0 

303-3 

816-8 

380-5 

344-3 

368-4 

372-6 

387-1 


38 

42 

45 

48 

61 

54 

57 

59 

62 

64 

66 

69 

71 

73 

75 

77 

79 

80 

82 

84 

86 

87 

89 

91 

92 

94 

95 

97 

98 

100 

101 

103 

104 

106 

107 

108 


54*8 

60*0 

64*8 

69-3 

73*5 

77-5 

81-8 

84*9 

88*3 

91*7 

94*9 

98*0 

101*0 

103*9 

106-8 

109*6 

112-3 

114*9 

117*5 

120-0 

122*6 

124*9 

127*3 

129*6 

131*9 

134-2 

136*4 

188*6 

140-7 

142-9 

144-9 

147*0 


23 -3' 32 -6 


30*6 

88*6 

47-1 

56-2 

66*9 

76*0 

86*6 

97*6 

109*1 

121*0 

133-8 

146  0 

169-0 

172*5 

186*3 

200-4 

214*9 

229*7 

244*8 

260*8 

276*1 

292*2 

308*5 

825-2 

842*2 

359-4 

377-0 

394-8 

412-9 

431*2 

449-8 


1490  468-7 
151-0  487-8 
153-0  507-2 
154-9526-8 


35*6 

38-4 

41*1 

43*6 

46*0 

48-2 

50-8 

52*4 

54-4 

56*8 

58*1 

69*9 

61*7 

63-3 

65*0 

66*6 

68*2 

69 

71 

72 

74 

75 

76-9 

78*8 

79-6 

80-9 

82-2 

83-6 

84-7 

86-0 

87-2 

88*4 

89-6 

90-8 

91-9 


•7 
2 
•7 
1 
5 


71*5 

78*4 

84*7 

90*5 

96-0 

101-2 

106*1 

110*8 

116-4 

119*7 

123*9 

128*0 

131*9 

135-8 

139*5 

143*1 

146-6 

150-1 

168-5 

156-8 

1600 

163*2 

166*3 

169-3 

172-3 

175*3 

178-2 

181-0 

183-8 

186-6 

189-8 

192-0 

194-6 

197-8 

199-8 

202-4 


80*4'28*1 
40-0  30-8 
60*4  33*8 
61*5  86*6 


73*4 
86-0 
99-2 
113*1 
127*5 
142*5 
1680 
174  1 
190-6 
207-7 
226*3 
243-3 
261-7 
280*7 
300*0 
319*8 
340-0 
360*6 
381*6 
403-0 
424-8 
446*9 
469-5 
492-4 
516-6 
589-2 
563-2 
687-5 
612-2 
687  1 
662-5 
688-1 


37-8 

39*8 

41-7 

43*6 

45*4 

47*1 

48*7 

50*3 

61-9 

58*4 

64*9 

66-3 

57-7 

59-0 

60*4 

61-7 

62-9 

64*2 

66*4 

66*6 

67-8 

68*9 

70-1 

71-2 

72-8 

78-4 

74*5 

76-5 

76-6 

77-6 

78-6 

79-6 


111*8 

122*6 

132-3 

141*4 

160*0 

168*1 

166*8 

173-2 

180-8 

187*1 

193*6 

200*0 

206*2 

212*1 

217*9 

223*6 

229  1 

234-6 

239-8 

244-9 

250*0 

254-9 

269*8 

264*6 

269-3 

278-9 

278*4 

282*8 

287-2 

291*5 

296-8 

3000 

804-1 

308-2 

812-2 

816-2 


47*5 
62*5 
78-7 
96*2 
114-7 
134-4 
156-0 
176*7 
199*2 
222-6 
246*9 
272  0 
297-9 
324-6 
852-0 
380  1 
409*0 
438*5 
468*8 
499*7 
531-2 
568-4 
696*8 
629*7 
663*7 
698*3 
783*6 
769-8 
8057 
842-6 
880-0 
918-0 
956-6 
996-5 
1086-1 
1075-2 


22-1 

24-2 

26-2 

28-0 

297 

81*3 

82*8 

84-8 

367 

37-0 

38*3 

39*6 

40*8 

42*0 

48-1 

44-3 

46*4 

46*4 

47*5 

48*5 

49*5 

60*5 

51-4 

52-4 

53-3 

64-2 

56-1 

66-0 

56-9 

677 

58-6 

59-4 

60-2 

61-0 

61-8 

62-6 
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The  htdratjlic  bah  has  been  applied  with  advantage 
in  raising  water  to  a  considerable  height  by  the 
momentum  of  a  larger  quantity  at  a  lower  level.  The 
shock  of  the  valves,  and  vibration  of  the  machine, 
require  heavy  and  strong  setting,  and  considerable 
strength  in  all  the  parts.  This  limits  its  application, 
and  prevents  its  use  for  raising  large  quantities  of 
water.  The  work  done  by  the  ram,  in  over  one 
thousand  experiments  by  Eytelwein,  did  not  exceed  in 
any  of  them  1480  lbs.  raised  one  foot  in  one  minute ; 
and  in  France,  the  ram  put  up  by  the  younger  Mont- 
golfier,  said  to  be  the  largest  constructed,  raised  only 
7400  lbs.  one  foot  high  per  minute,  and  had  a  useful 
effect,  it  is  reported,  of  *65.  This  ram  was  put  up 
at  Mello,  near  Clermont-sur-Oise.  Its  dimensions 
were — 

Length  of  the  body  pipe  or  injectioii  pipe .        .  108  feet 

Diameter 4*3  inches. 

Weight  of  body  pipe 8190  lbs. 

Weight  of  head 440  lbs. 

Contents  of  air-chamber li  gallons. 

This  ram  worked  under  a  head  of  87  feet,  discharging 
in  use  81|^  gallons  each  minute,  and  raising  8'85 
gallons  a  height  of  195  feet. 

The  largest  ram  employed  by  Eytelwein  in  his  ex- 
periments had  the  following  dimensions— 

Length  of  the  body  pipe  or  ix^'ection  pipe .  48  feet  9  inches. 

Diameter  of  ditto 0  feet  2^  inches. 

Contents  of  air-chamber  ....      I '94  gallons. 
Area  of  tail  or  escape  valve  .  .    .      8*74  square  inches. 
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and  his  experiments  led  to  the  following  practical  for- 
mula by  D'Aubuisson — 

51  =  1-42  -  -28  \/j^  : 

in  which  d  is  the  water  used  per  minute  in  gallons,  d 
the  quantity  raised  in  gallons,  h  the  head  used,  and  h' 
the  lift  of  the  quantity  d.  By  a  slight  reduction  we 
get 

dh'  =  1-42  D  (ft  -  -28  VTT) 
for  the  effect  produced,  which  is  reduced  nearly  one- 
sixth  for  practical  application,  giving  the  formula 

dh!  =  1-2  D  (ft  -  -2  VTft') 
for  the  work  done. 


EXPERIMENTAL  RESULTS — HYDRAULIC  RAM. 


strokes  1 
ate. 

Height  In  feet  of 

Ratio  of 
heights. 

GaUons  of  water 
per  minute. 

Ratio 

dh' 

Ratios 

Number  of 
permin^ 

1       -D 
d 

Fall 
k 

Elevation 

Ex- 
pended 
D 

Raised 
d 

Experi- 
ments. 

For- 
mula. 

Ft    In. 

Ft. 

In. 

66 

10'    0" 

26' 

4" 

2-63 

10-65 

8-89 

•9 

•97 

2-92 

54 

10     2 

82 

4 

3-18 

13-97 

3-88 

-878 

•92 

3^67 

50 

9  11 

88 

8 

8-9 

12-01 

2-622 

•85 

•87 

4-58 

52 

8     0 

82 

4 

4- 

8-16 

1-687 

•847 

•85 

4-72 

i  45 

8    9 

88 

8 

4-4 

10-85 

2-09 

-845 

•84 

5  2 

!42 

7    5 

88 

8 

6-21 

9-92 

1-5 

•787 

•78  . 

6^62 

36 

6    0 

88 

8 

6-5 

8-89 

1-05 

•754 

-71 

8-62 

26 

4    6i 

82 

4 

7-2 

5-23 

•495 

•672 

•67 

10-7 

31 

5    0 

88 

7 

7-7 

8-05 

•704 

-667 

•65 

11-54 

28 

4    1 

88 

8 

9-47 

11-11 

-649 

-548 

•56 

17-2 

17 

3    0 

32 

2 

10-7 

10-8 

•479 

-473 

•51 

22  6 

15 

3    8 

88 

8 

11-9 

12-34 

•868 

-352 

-45 

83  8 

14 

2    6 

88 

8 

16-5 

11-96 

•22 

•284 

•32 

54^6 

10 

1 

1  Hi 

38 

8 

19-3 

9-81 

•088 

•181 

•18 

1 

106^6 

Eytelwein  recommends,  that  the  length  of  the  body- 
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pipe  should  not  be  less  than  three-fourths  of  the  height 
to  which  the  water  is  to  be  raised ;  its  diameter  in 
inches  equal  '68  V  d  ;  the  diameter  of  the  rising  pipe 
"8  V^d;  and  the  contents  of  the  air-chamber  equal  to 
that  of  the  rising  pipe.  If  d  be  in  cube  feet,  then 
diameter,  in  inches,  of  the  body-pipe  may  be  taken 

=  1*6  n/^  and  that  of  the  rising  pipe  =  '75  \/  d. 

The  following  table  gives  the  result  of  experiments 
made  by  Montgolfier  and  his  son : — 

TABLE  OF  EZPERXUENTAL  RESTTLTS — HTDRAXTLIC  UAH. 


Height 

Water  per  Minute. 

dk' 
Dh 

Mean 

Ratio 

dV 

Dh 

FaU 
h 

Elevation 
h 

Expended 
D 

Delivered 
d 

Ft.      In. 

8'      6" 
87       2 
84       9 

8       3 
22     10 

Ft.    In. 
52^    8" 

195  0 
111  11 

14  11 

196  10 

Gallons. 

16 

31 

18-5 
437 
2^86 

Oallona. 
1-37 
3-85 
8-74 

59^18 
0-22 

•57 

•653 

•651 

■629 

•671 

•  •  • 

•  ■  • 

•65 

•  •  • 

•  •  • 

In  several  experiments  made  by  the  author  in  1866, 
for  the  Directors  of  the  Midland  Great  Western  Rail- 
way, Ireland,  on  two  rams  at  work  at  the  Broadstone 
Terminus,  Dublin,  where  the  lifts  varied  from  22  to 
24  feet,  the  ratio  of  the  effect  to  the  power  varied  from 
'4  to  '84 ;  the  latter  effect  having  been  got  with  a  fall 
of  8  feet,  a  lift  of  22  feet,  and  95  beats  in  a  minute. 
An  effect  of  '895  was  got  with  a  fall  of  14  feet,  a  lift  oi 
24  feet,  and  45  beats  in  a  minute. 

Latterly,  the  Messrs.  Easton  and  Amos  have  patented 
improvements  in  this  machine,  and  have  raised  water 
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to  a  height  of  880  feet.  The  injection  pipe  is  laid  by 
them  at  an  inclination  of  about  one  in  four  for  high  falls, 
and  varies  down  to  one  in  eighteen  for  smaller  falls. 
The  quantities  raised  in  their  practice  vary  up  to  six 
gallons  per  minute. 

Water-pressure  engines  give  a  useful  effect,  vary- 
ing up  to  70  per  cent,  for  the  best  constructed.  An 
immense  amount  of  mechanical  skill  and  invention  has 
been  brought  to  bear  on  their  construction,  and  in 
Weisbach's  book*  a  useful  effect  of  88  per  cent,  has 
been  calculated;  this  is,  however,  a  result  seldom 
obtained  in  practice,  where  two-thirds,  or  66  per  cent., 
is  nearer  to  the  general  efficiency.  Jordan  got  a 
maximum  efficiency  of  '66  from  one  of  the  Clausthal 
engines,  making  four  strokes  per  minute,  and  '71 
making  three  strokes  per  minute.  These  results  were 
for  the  combined  engine  and  pumps,  firom  which  it  was 
calculated  that  the  efficiency  of  the  engine  alone  was, 
in  the  first  case  '83,  and  in  the  second  '85.  It 
would  be  a  great  mistake  to  calculate  on  such  high 
efficiencies. 

Corn  mills  will  grind  about  a  bushel  of  com  per 
horse-power  per  hour,  but  much  depends  on  the  state 
of  the  stones  and  of  the  grain.  The  value  of  the 
work  done  in  an  hour  being  once  known,  the  value 
of  the  standard  horse-power  can  be  determined 
accordingly. 

•  VoL  ii.,  p.  842. 
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TABLE  I.^Co^ffieienU  q^  JHtekarge  from  Square  and  differently  vroporHtmed 
BeetangularLateral  Or\fice§  in  thin  Vertical  FlaUe,  arranged  from  Foneelet  amd 
Leahroe. 


Heads  of  water  mea- 
sured to  the  upper 
sides  of  the  orifices,  in 
English  inches. 

Ratio  of  the  head 

to  the 

length  of  the  orifice. 

Square  orifice 

8"  X  r. 
Etatio  of  the  sides] 
Itol. 

orifice  S^'^x  4". 
Etatio  of  the  sides  ' 
2tol. 

Rectangular 

orifice  8^  x  2". 

Elatio  of  the  sidoe 

4tol. 

Heads  taken 

tiack  from  the 

orifice. 

Heads  taken 
at 
the  orifice. 

Heads  taken 

hack  tvom  the 

orifice. 

Heads  taken 
at 
the  orifice. 

Heads  taken 

back  from  the 

orifice. 

Heads  taken 

at 
the  orifice. 

0-000 

•619 

•667 

•713 

0197 

*025 

*597 

•630 

•668 

0-394 

-050 

•595 

•618 

•607 

•642 

0-591 

•076 

•594 

-593 

•615 

•612 

•689 

0-787 

•100 

-572 

•594 

•596 

•614 

•615 

•688 

1181 

-150 

*578 

593 

•600 

•613 

•620 

•687 

1-575 

•200 

*582 

*593» 

•603 

•612 

•628 

•686 

1-969 

•250 

•586 

593 

•605 

•612* 

•625 

•686 

2-362 

•300 

*587 

*594 

•607 

•613 

-627 

•635 

2-756 

•350 

*588 

•594 

•609 

•613 

*628 

•635 

3-150 

•400 

*589 

•594 

610 

613 

*629 

-685 

8-545 

•450 

•591 

•595 

•610 

*614 

-629 

684 

3-937 

•500 

592 

•595 

•611 

614 

•630 

•684 

4-724 

•600 

*593 

-596 

-612 

•614 

•630 

•683 

5-512 

•700 

*595 

-597 

*613 

•614 

•680 

632 

6-299 

•800 

•596 

•597 

*614 

•615. 

•631* 

•631 

7-087 

•900 

•597 

•998 

•615 

•615 

•630 

-681 

7-874 

1-000 

•598 

•599 

•615 

•616 

•630 

•680 

9*843 

1^250 

•599 

•600 

•616 

•616 

•680 

-680 

11-811 

1*500 

•600 

•601 

*616 

•616 

•629 

•629 

15-748 

2*000 

•602 

602 

•617 

•617 

•628 

•629 

19-686 

2-500 

•603 

603 

•617* 

•617* 

•628 

•628 

23-622 

8-000 

•604 

•604 

•617 

•617 

•627 

•627 

27*560 

8*500 

•604 

•604 

•616 

•616 

-627 

•627 

31  -497 

4  000 

•605 

-606 

•616 

•616 

-627 

•627 

85-434 

4*500 

•605' 

•605* 

•615 

•616 

•526 

•626 

39-871 

5*000 

-605 

•606 

•615 

-615 

•626 

-626 

43-307 

5*500 

•604 

•604 

•614 

•614 

-625 

•625 

47*245 

6*000 

•604 

-604 

•614 

•614 

•624 

-624 

51*182 

6*500 

•603 

•608 

-618 

•613 

-622 

•622 

55*119 

7*000 

'603 

-603 

-612 

•612 

•621 

-621 

59-056 

7*500 

•602 

-602 

-611 

•611 

-620 

•620 

62*993 

8*000 

-602 

•602 

-611 

•611 

•618 

-618 

66*930 

8*500 

•602 

•602 

•610 

•610 

•617 

•617 

70*867 

9-000 

•601 

•601 

•609 

•609 

-616 

•615 

74*805 

9*500 

•601 

•601 

•608 

•608 

•614 

•614 

78*742 

10-000 

•601 

•601 

•607 

•607 

•618 

•614 

118*112 

15-000 

*601 

-601 

•603 

•608 

•606 

•606 

*  See  pagoB  CO,  Gl,  and  62. 
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TABLE  I.—Co^ffleieiUt  vf  Di$dkane  from  Square  and  diftrtntly  proportioned 
Reeiangnlar  LuUral  Or^icn  in  ikm  VtrUeal  FlaioB,  arrangod  from  PonceUt  and 
Leahroo, 


Rectangular 

Rectangular 

Rectangular 

eads  of  water  mea- 
sured to  the  upper 
des  of  the  orifices  in 
English  inches. 

orifices' 

'xll8". 

orifices 

rx0  8". 

orifice  fi 

rxO-4". 

3 

Ratio  of  the  sides 

Ratio  of  the  sides 

Ratloof  the  sides 

1     S' 

•stl 

7tol 

nearly . 

lOtol. 

20tol. 

»ad8  taken 
k  from  the 
oriflue. 

1  ^ 

l|1 

el 

Hi 

a 

|a 

H 

H    5 

»l 

H 

« 

W     « 

•766 

•783 

•795 

•725 

•750 

•705 

•778 

•025 

0-197 

•630 

•687 

•660 

•720 

•701 

■762 

•050 

0-394 

•632 

•674 

•660 

•707 

•697 

•745 

•075 

0-591 

•634 

•668 

•659 

•697 

•694 

•729 

•100 

0-787 

•638 

•659 

•659 

•685 

•688 

•708 

•150 

1-181 

•640 

•654 

•658 

•678 

•683 

•695 

•200 

1-575 

•640* 

•661 

•658 

•672 

•679 

•686 

•250 

1-969 

•640 

•647 

•657 

•668 

■676 

•681 

•300 

2-362 

•639 

•645 

•656 

•665 

•673 

•677 

•350 

2-756 

•638 

•643 

•656 

•602 

•670 

•675 

•400 

3150 

•637 

•641 

•655 

•659 

•668 

•672 

•450 

8-543 

•637 

•640 

•654 

•657 

•666 

•669 

•500 

8-937 

•636 

•637 

•653 

•655 

•663 

•665 

•600 

4-724 

•635 

•636 

•651 

•653 

•660 

•661 

•700 

6-f.l2 

-634 

•635 

•650 

•651 

•658 

•659 

•800 

6-299 

•634 

•634 

•649 

•650 

•657 

•657 

•900 

7 -037 

•633 

•633 

•648 

•649 

•655 

•656 

1-000 

7-874 

•632 

•632 

•646 

•646 

•653 

•653 

1-250 

9-843 

•632 

•632 

•644 

•644 

•650 

•651 

1-500 

11-811 

•631 

•631 

•642 

•642 

•647 

•647 

2-000 

15-748 

•630 

•630 

•640 

•640 

•644 

•645 

2-500 

19-685 

•630 

•630 

•638 

•638 

•642 

•643 

3-000 

23-622 

•629 

•629 

•637 

•637 

•640 

•640 

3-500 

27-560 

•629 

•629 

•636 

•636 

•637 

•637 

4-000 

31-497 

•628 

•628 

•634 

•634 

•635 

•635 

4-500 

36-434 

•628 

•628 

•633 

•633 

•632 

•632 

6  000 

39-371 

•627 

•627 

•631 

•631 

•629 

•629 

6-500 

43-307 

•626 

•626 

•628 

•628 

•626 

•626 

6-000 

47-245 

•624 

•624 

•625 

•625 

•622 

•622 

6-500 

61-182 

•622 

•622 

•622 

•622 

•618 

•618 

7-000 

65-119 

•620 

•620 

•619 

•619 

•615 

•615 

7-500 

69  056 

•618 

•618 

•617 

•617 

•613 

•613 

8-000 

62-993 

•616 

•616 

•615 

•615 

•612 

•612 

8-500 

66-930 

•615 

615 

•614 

•614 

•612 

•612 

9-000 

70-867 

•613 

•613 

•612 

•612 

•611 

•611 

9-500 

74-805 

•612 

•612 

•612 

•612 

•611 

•611 

10-000 

78-742 

•603 

•608 

•610 

•610 

'609 

•609 

15-000 

118-112 

*  See  pages  60,  61,  and  02. 
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TABLE  II.—Tor  Jtmding  iU  VOoeUie*  from  the  AlHhtdeg,  and  the  AlUtrndn  fnm 
the  Fejocitief.— Altitudes  0  feet  0  ^^  inch  to  0  feet  SJ  inches. 


Coeificients  of  Telocity,  and  the  correeponding  Telodtiee  of 

•4 

diachaiige  in  inches  per  second. 

•8  5S 

o-*i 

^^i 

o  .«  00 

_» 

5-3 

II 1 

ill 

ni 

0r 

1 

2a| 

2a| 

II  ? 

1 

0 

Olio 

278 

2-71 

2-66 

2-89 

2-27 

2*22 

0 

Oif 

8*48 

8-38 

8-32 

2-99 

2-88 

2*78 

0 

St 

6-96 

6-77 

6-64 

5-98 

5-66 

5*56 

0 

9*829 

9-57 

9-40 

8-45 

8-01 

7*86 

0 

:? 

12-038 

11-72 

11-51 

10-85 

9*81 

9*68 

0 

13-900 

18-54 

13-29 

11-95 

11*88 

11*12 

0 

o\ 

15-541 

15-14 

14-86 

18-36 

12*67 

12*48 

0 

Of 

17-024 

16-58 

16-27 

14-64 

18-87 

18-62 

0 

On 

18-888 

17-91 

17-58 

15-81 

14*99 

14*71 

0 

Oi 

19-658 

19-15 

18-79 

16-91 

16-02 

15-78 

0 

St 

20*850 

20-31 

19-93 

17-98 

16-99 

16-68 

0 

21-978 

21-41 

21-01 

18-90 

17*91 

17-68 

0 

St 

23-051 

22-45 

22-04 

19-82 

18-79 

18-44 

0 

24*076 

23*45 

28  02 

20-70 

19-62 

19*26 

0 

oa 

25*059 

24*41 

24  00 

21-55 

20*42 

20*05 

0 

Oi 

26  005 

25*88 

24-86 

22-86 

2119 

20*80 

0 

oa 

26-917 

26-22 

25-73 

23-15 

21-94 

21*58 

0 

27-800 

27-08 

26*58 

23-91 

22-66 

22*24 

0 

11 

29-486 

28-72 

28-19 

25-86 

24*03 

28*59 

0 

iJ 

31  -081 

80-27 

29-71 

26-78 

25*88 

24*87 

0 

If 

32*598 

81-75 

81  16 

28*08 

26*57 

26  08 

0 

14 

34*048 

33-19 

32-58 

29-30 

27*75 

27*26 

0 

11 

35*438 

34-52 

33*88 

80*48 

28*88 

28*85 

0 

U 

36*776 

85-82 

3516 

81*68 

29*97 

29*42 

0 

li 

88-067 

87-08 

86*39 

82-74 

81*02 

80-45 

0 

2 

89-315 

38-29 

37*59 

33-81 

82*04 

81*46 

0 

2i 

40-525 

89-47 

38-74 

84-85 

88*03 

82*42 

0 

11 

41-700 

40-62 

39-87 

35-86 

83-99 

83*86 

0 

42-848 

41-73 

40-96 

36-84 

84-92 

84*27 

0 

2i 

43-956 

42*81 

42-02 

37-80 

85-82 

85*16 

0 

2i 

45  041 

48*87 

43-06 

38-74 

86*71 

86*08 

0 

2J 

46-101 

44-90 

44-07 

39-65 

87-67 

86*88 

0 

2i 

47  137 

45-90 

45-06 

40-54 

88-42 

87*71 

0 

3 

48-151 

46-90 

46-03 

41-41 

89-24 

88*62 

0 

Si 

49144 

47-87 

46-98 

42-26 

40-05 

89*82 

0 

3i 

50-117 

48-81 

47-91 

43-10 

40*85 

40*09 

0 

31 

51  072 

49-74 

48-82 

43*92 

41*62 

40*86 

0 

Si 

52009 

50-66 

49-72 

44-73 

42*39 

41*61 

0 

3) 

52-930 

51-55 

50-60 

45-52 

43*14 

42*34 

0 

3} 

53-884 

52-48 

51-47 

46-80 

43*88 

48*07 

0 

Si 

54-725 

53-30 

52-82 

47-06 

44*60 

48*78 
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TABLE  U.— Far  finding  the  Veheitiffrom  the  AUiiudu,  and  the  AUiiudeefrom  the 
reloeaie$.—AititadM  0  feet  Or^  inch  to  0  feet  8f  inohea. 


Goeffidenta  of  velocity,  and  the  ooireapondlnff  Telocitlea  of       | 

A  in  feet  and 
chea. 

diaoharge  in  inchea  per  aeoond. 

82;> 

8S<»> 

• 

^5i 
1^^ 

1^^ 

Valu 
=  18  5 
ifficien 

Valu 
=  17-4, 
ifficien 

3  **  •« 

►  '^  5 

II  € 

^  **  •« 
II  f 

II  ^ 

1 

^  ^Q 

«  .»  5 

c&  o  5 

d  » s 

ri  «» J 

s"| 

1 

1-95 

1-85 

1-75 

1*72 

1-68 

1*62 

0    0^ 

2-48 

2-31 

2*18 

215 

211 

203 

0   0^- 

4-87 

4-63 

4*36 

4*29 

4-21 

4*06 

0    0^ 

6-88 

6*55 

6*17 

6*06 

5-96 

6*74 

0    Ok 

8*48 

8  02 

7-56 

7*43 

7-29 

7  03 

0    Oft 

0   of 

978 

9-26 

8*78 

8*58 

8-42 

8*12 

10-88 

10-35 

9*76 

9*59 

9*42 

9-08 

0    OA 
0    Of 

11-92 

11*24 

10-69 

10*50 

10*32 

9*94 

12-87 

12-25 

;i*55 

11*36 

11-14 

10*74 

0    OA 
0    OJT 

13-76 

12-97 

12*34 

12*13 

11*91 

11*48 

14-60 

13-89 

13*09 

12*86 

12*64 

12*18 

0    Oft 
0    0) 

15-38 

14-64 

13*80 

13*56 

13*32 

12*84 

16-14 

15-85 

14*48 

14*22 

18*97 

18*46 

0    Oil 

16-85 

16-03 

15*12 

14*85 

14*59 

14*06 

MmM 

0    0| 

17-54 

16-69 

15*74 

15*46 

15*19 

14*68 

0    Ott 
0    Of 

18-20 

17-32 

16*33 

16*04 

15*76 

16*09 

18-84 

17-93 

16*90 

16*61 

16*31 

15*72 

0   oy 

19-46 

18-61 

17*46 

17*16 

16*85 

16*24 

0  r 

20-64 

19-64 

18*52 

18-19 

17*87 

17*22 

0   n 

21-76 

20-70 

19*52 

19*18 

18*84 

18*15 

0  li 

22-82 

21-71 

20*47 

20*11 

19*75 

19*04 

0    1} 

23-85 

22*69 

21*38 

21*01 

20*63 

19*88 

0    li 

24-81 

23*60 

22*26 

21*87 

21*48 

20*70 

0    l| 

25-74 

24*49 

28*10 

22*69 

22*29 

21*48 

0     If 

26-65 

25*35 

23*91 

28*49 

28*07 

22-23 

0    li 

27-52 

26*18 

24*69 

24*26 

23-82 

22*96 

0    2 

28-37 

26-99 

25*45 

25  00 

24*50 

23*67 

0    2| 

29-19 

27*77 

26  19 

25*78 

25*27 

24*36 

0    2i 

29-99 

28*53 

26*91 

26*43 

25*96 

26  02 

0    2| 

30-77 

29-27 

27*60 

27*12 

26*64 

25*67 

0    2| 

81-53 

80-00 

28*29 

27*79 

27*29 

26-30 

0    2t 

82-27 

30-70 

28*95 

28*44 

27*94 

26*92 

0    2} 

38  00 

31-89 

29*60 

29*08 

28*57 

27*63 

0    2| 

33-71 

8207 

30*24 

29-71 

29*18 

28*12 

0    3 

34-40 

82*73 

30*86 

30-82 

29*78 

28*70 

0    8i 

35-08 

38*38 

31*47 

30-92 

30*37 

29-27 

0    84 
0    81 

35-75 

34*01 

82*07 

81-51 

30*95 

29*88 

36-41 

84*64 

32*66 

32  09 

31*52 

80*37 

0    8A 

87  05 

35*25 

33*24 

32-66 

8208 

30-91 

0    8| 

37-68 

85*85 

33*81 

33-22 

82*62 

81-44 

0    df 
0    3i 

38-31 

36*45 

84*37 

88*77 

33*16 

81-96 
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TABLE  n. 


—Forjlndina  ih*  Vdo^Uufrom  ike  Jmtudm,  and  the  AUUude$from  ike 
VeloeUi«$.—Aima6M  0  feet  4  inches  to  1  foot 


ides  A  in  feet  and 
inches. 

CoeflScients  of  velodty,  and  the  oorreeponding  velocities  of       | 

dlschaii^  in  inches  per  second. 

Values  of 
•8  V  A,  the 
etical  velo- 
in  inches. 

Values  of 
27-077  A* 
dent  -974. 

Values  Of 
26-677  Ai 
dent  -956. 

•aSS 

Values  of 
.  22-24  A* 
cient  -800. 

5 

-III? 

ft 

II  Q 

II  ^ 

II  f 

II  % 

II  (B 

^ 

ci  «»! 

CO    »  J 

•*  ^d 

-i  «»l 

«j.| 

0     4 

55*600 

54-15 

53-15 

47-82 

45-31 

44-48 

0     4i 

56-462 

54-99 

53-98 

48-56 

46-02 

45-17 

0    41 

57-311 

55-82 

54-79 

49-29 

46-71 

45-85 

0    4i 

58-148 

56-64 

55-59 

50  01 

47-39 

46-62 

0    4i 

68-973 

57-44 

56-38 

50-72 

48-06 

47-18 

0    4) 

59-786 

58-23 

57-16 

51-42 

48-78 

47-83 

0    4} 

60-589 

59-01 

57-92 

62-11 

49-88 

48-47 

0    4i 

61-368 

59-77 

58-67 

52-78 

60-02 

49-09 

0    5 

62163 

60-56 

59-43 

63-46 

50-66 

49-73 

0    5i 

62-935 

61-30 

60-17 

64-12 

51-29 

50-35 

0    6i 

63-698 

62-04 

60-90 

64-78 

51-91 

50-96 

0    6| 

64-452 

62-78 

61-62 

65-43 

52-53 

51-56 

0    5i 

65-197 

63-50 

62-83 

66-07 

53-14 

5216 

0    5i 

65-933 

64-22 

68-03 

66-70 

63-74 

52-75 

0    5] 

66-662 

64-93 

63-73 

67-38 

54-83 

63-33 

0    51 

67-883 

65-63 

64-42 

57-96 

54-92 

53-91 

0    6 

68-096 

66-33 

65-10 

58-66 

55-50 

64-48 

0    6i 

69-500 

67-69 

66-44 

59-77 

66-64 

55-60 

0    6i 

70-876 

69-03 

67-76 

60-95 

57-24 

56-70 

0    6} 

72-227 

70-85 

69-05 

62-11 

58-86 

57-78 

0    7 

73-562 

71-64 

70-82 

63-25 

59-96 

58-84 

0    7i 

74-854 

72-91 

71-56 

64-37 

61-01 

59-88 

0    7i 

76  133 

74-15 

72-78 

66-47 

62-05 

60-91 

0    7i 

77-892 

75-38 

73-99 

66-56 

63  07 

61-91 

0    8 

78-630 

76-59 

75  17 

67-62 

64-08 

62-90 

0    8i 

79-849 

77-77 

76-34 

68-67 

66  08 

63-88 

0   4 

81-060 

78-94 

77-48 

69-70 

66-06 

64-84 

0    8} 

82-234 

80-10 

78-62 

70-72 

67  02 

65-79 

0    9 

83-40 

81-23 

79-73 

71-72 

67-97 

66-72 

0    9i 

84-550 

82-35 

80-83 

72-71 

68-91 

67-64 

0    9i 

85-685 

83-46 

81-92 

78-69 

69-83 

68-55 

0    9| 

86-805 

84-55 

82-99 

74-65 

70-76 

69-44 

0  10 

87-911 

85-63 

84-04 

75-60 

71-65 

70-33 

0  lOi 

89-004 

86-69 

85  09 

76-64 

72-54 

71-20 

0  lOi 

90-082 

87-74 

86-12 

77-47 

73-42 

72-07 

0  10] 

91-148 

88-79 

87-14 

78-39 

74-29 

72-92 

0  11 

92-202 

89-80 

88-15 

79-29 

75-14 

73-76 

0  m 

98-244 

90-82 

89-14 

80-19 

76-99 

74-59 

0  Hi 

94-274 

91-82 

90-13 

81-08 

76-83 

75-42 

0  llf 

95-294 

92-82 

91-10 

81-95 

77-66 

76-23 

1     0 

96-302 

93-80 

92-06 

82-82 

78-49 

77-04 
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TABLE  IL—FofJUidina  ths  VeloeiHetfrtm  the  AWJtudM,  and  iia  AUiiude$/hm  the 
TeJoettiM.—Altitudes  0  feet  4  inches  to  1  foot. 


Coefficients  of  velocity,  and  the  corresponding  velocities  of 
discharge  in  inches  per  second. 


^  II? 


38-92 
39-52 
40-12 
40-70 
41-28 
41-85 
42-41 
42-96 
43-51 
44-05 
44-59 
45-12 
45-64 
46-15 
46-66 
47  17 
47-67 
48-65 
49-61 
50-56 
51-49 
52-40 
53-29 
5417 
55-04 
55-89 
56-74 
57-56 
58-38 
59-19 
59-98 
60-76 
61-54 
62-30 
63  06 
63-80 
64-54 
65-27 
65-99 
66-71 
67-41 


111 

o6  ^Q 


37  03 
87-60 
88-17 
38-73 
39-28 
39-82 
40-35 
40-87 
41-40 
41-91 
42-42 
42-92 
43-42 
43-91 
44-40 
44-88 
45-35 
46-29 
47-20 
48-10 
48-99 
49-85 
50-70 
51-54 
52-37 
53-18 
53-98 
64-77 
55-54 
56-31 
57-07 
57-81 
68-55 
59-28 
60-00 
60-70 
61-41 
62-10 
62-79 
63-47 
64-14 


<g  S  -*» 
II  ^ 


34-92 
35-46 
35-99 
86-52 
37-03 
37-55 
88-05 
38-54 
39-04 
39-52 
40-00 
40-48 
40-94 
41-41 
41-86 
42-32 
42-76 
43-65 
44-51 
45-36 
46-19 
47-01 
47-81 
48-60 
49-38 
50-15 
50-90 
61-64 
52-88 
53  10 
63-81 
54-51 
55-22 
55-89 
56-57 
57-24 
57-90 
58-56 
69-70 
69*84 
60-48 


S     B 


84-31 
34-84 
35*86 
35-88 
36-89 
36-89 
87*88 
87-86 
38-35 
38-83 
89-30 
89-77 
40-23 
40-68 
41-13 
41*58 
42-02 
42-88 
43*73 
44-56 
45-38 
4618 
46-97 
47-75 
48-51 
49*27 
50-01 
50-74 
51-46 
52-17 
52-87 
53-66 
54-24 
54-92 
55-58 
56-24 
56-89 
57-63 
68-17 
68-80 
59-42 


II 


83-69 
84*22 
34-73 
35-24 
85*74 
86*28 
36-72 
37  19 
87-67 
8814 
38*60 
39*06 
39-51 
89-96 
40-40 
40-83 
41-27 
42-12 
42-95 
43-77 
44-57 
45-36 
46-14 
46-90 
47-65 
48-89 
49-12 
49-83 
50-54 
51-24 
51-93 
52*60 
53*27 
53*94 
54*59 
55-24 
55-87 
56-51 
67-13 
67*75 
58-36 


3  ^  a 

3  •«  5 

>.    r-l  "3 

II  @ 


32-47 
82-97 
83*47 
83-96 
34-44 
34-92 
85-38 
35*84 
86-30 
36-75 
37-20 
87-64 
38-07 
88-51 
38-93 
89 -85 
89*77 
40-59 
41-39 
4218 
42-95 
43-71 
44-46 
45-20 
45-92 
46-63 
47 '83 
48-02 
48-71 
49-38 
50-04 
50-69 
61-34 
51-98 
52-61 
63-28 
63-85 
54-45 
65*06 
55-65 
56-24 


33 


/# 


4i 


0  4 

0  4} 
0 
0 
0 

0  4i 

0  4} 

0  4i 

0  5 

0  5J 

0  6i 

0  6| 

0  6^ 

0  64 

0  5i 

0  6J 

0  6 

0  61 

0  6i 


6J 
7 

8 
H 


0 
0 
0 
0 
0 
0 
0 
0 

0  8f 
0  9 
0  9J 
0  9i 
0  9} 
0  10 
0  lOJ 

0  loj 

0  10} 
0  11 
0  111 
0  Hi 

0  11} 

1  0 
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THE  DISCHARQE  OF  WATER  FROM 


TABLE  II.-^For finding  tk*  VeloeUiafrom  #A«  AUiimde*,  and  the  AU^mdmfrom  ike 
Kefoci^iM.— Altitudes  1  foot  0|  inch  to  5  feet  S  inches. 


^A 

Coefficients  of  Telocity,  and  the  corresponding  Telodties  of   | 

^1 

l| 

a" 

< 
t         « 

1  Oi 

discharge  in  inches  per  second. 

-  II  1  =§ 

2.    Values  of 

0  =  27-077  Aft 

Coefficient  -974. 

3.    Values  of 

e  =  26  677  Aft 

Coefficient  -966. 

4.    Values  of 

«=!  23-908  Al 

Coefficient  '860. 

6.    Values  of 

V  =  22-667  Aft 

Coefficient  -815. 

6.    Values  of 

«  -  22  24  Aft 

Coefficient  -800. 

98-288 

95-73 

93-96 

84-53 

8010 

78-63 

1   1 

100 '284 

97-63 

95-82 

86-20 

81-69 

80-19 

1  li 

102144 

99-49 

97-65 

87-84 

83-26 

81-71 

1  2 

104-018 

101-31 

99-44 

89-46 

84-77 

88-21 

1  2i 

105 '859 

103-11 

101-20 

9104 

86-28 

84-69 

1  8 

107-669 

104-87 

102-98 

92-60 

87-76 

8614 

1  3i 

109-449 

106-60 

104-68 

94-13 

89-20 

87-66 

1  4 

111-200 

108-31 

106-31 

95-63 

90-63 

88-96 

1  4i 

112-924 

109-99 

107-96 

97-11 

92*08 

90-84 

1  5 

114622 

111-42 

109-58 

98-58 

93-42 

91-70 

1  5i 

116-296 

113-27 

11118 

100-01 

94-78 

93-04 

1  6 

117-945 

114-78 

112-76 

101-43 

96-13 

94-86 

1  7 

121-177 

118-08 

115-85 

104-21 

98-76 

96-94 

1  8 

124-325 

121-09 

118-86 

106-92 

101-38 

99-46 

1  9 

127-896 

124-08 

121-79 

109-56 

108-88 

101-92 

1  10 

130-394 

127-00 

124-66 

112-14 

106-27 

104-81 

1  11 

133-324 

129-86 

127-46 

114-66 

108-66 

106-66 

2  0 

136  192 

182-65 

130-20 

117  12 

11100 

108-95 

2  IJ 

140-383 

136-73 

184-21 

120-73 

114-41 

112-81 

2  3 

144*453 

140-70 

188-10 

124-23 

117-78 

116-56 

2  4i 

148-411 

144-55 

141-88 

127-64 

120-96 

118-78 

2  6 

162-267 

148-81 

145-57 

130-95 

124-10 

121-81 

2  7J 

156  027 

151-97 

149-16 

184-18 

127-16 

124*82 

2  9 

159-699 

155-55 

152-67 

137-84 

13015 

127-76 

2  lOi 

163-288 

159-04 

156-10 

140-43 

183*80 

180-68 

3  0 

166-800 

162-46 

159-46 

143-45 

135-94 

138-44 

3  li 

170-240 

165-81 

162-75 

146-41 

188-75 

186-19 

8  3 

178-611 

16910 

165-97 

149-31 

141-49 

188-89 

8  4i 

176-918 

172-32 

169-18 

15215 

144-19 

141-68 

3  6 

180-165 

175-48 

172-24 

154-94 

146-88 

144-18 

3  7i 

183-354 

178-59 

176-29 

157-68 

149-43 

146-68 

3  9 

186-488 

181-64 

178-28 

160-38 

151-99 

149-19 

3  lOi 

189-571 

184-64 

181-28 

168-08 

154*50 

161-66 

4  0 

192-604 

187-60 

184-13 

165-64 

156-97 

16408 

4  2 

196-576 

191-46 

187-93 

169-06 

160-21 

157-26 

4  4 

200-469 

195-26 

191-65 

172-40 

163-88 

160*87 

4  6 

204-287 

198-98 

195-30 

175-69 

166-49 

168-48 

4  8 

208  036 

202-63 

198-88 

178-91 

169-55 

166-48 

4  10 

211-718 

206-21 

202-40 

182-08 

172*55 

169-37 

5  0 

215-388 

209-74 

205-86 

185-19 

175*50 

172-27 

5  3 

220-656 

214-92 

210-95 

189-76 

179-88 

176-62 

ORIFICES,  WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  IL^F^Jtndina  ike  Vgloeitie$Jrom  ike  AUUudet,  and  tk«  MiUtid*$fh>m  00 
VeloeitUt.—AlUtadM  1  foot  04  inch  to  6  feet  8  inches. 


Coefficients  of  Telocity,  and  the  corresponding  velocities  of 
discharge  in  inches  per  second. 


ore 

"f 


68*80 

70-16 

71-60 

72-81 

74-10 

76-37 

76-61 

77-84 

79  06 

80-24 

81-41 

82-66 

84-82 

87-03 

89  18 

91-28 

93-33 

96-33 

98-27 

101-12 

103-89 

106-69 

109-22 

111-79 

114-30 

116-76 

11917 

121-63 

123-84 

126-12 

128-36 

130-64 

182-70 

134-82 

137-60 

140-33 

143-00 

146-63 

148-20 

160-74 

164-46 


o  .«  ^ 

II  ^ 
<6  » 


66-46 

66-76 

68  03 

69-28 

70-60 

71-71 

72-89 

74-06 

76-21 

76-34 

77-46 

78-66 

80-70 

82-80 

84-86 

86-84 

88-79 

90-70 

93-60 

96-21 

98-84 

101-41 

103-91 

106-36 

108-76 

111-09 

113-38 

115-62 

117-83 

119-99 

122-11 

124-20 

126-25 

128-27 

130-92 

133-61 

13606 

138-56 

141  00 

143-42 

146-96 


^    m 


II 
»  ft 


J5 


61-72 

62-96 

64-16 

65-32 

66-48 

67*62 

68-73 

69-83 

70-92 

71*98 

7303 

74-07 

76-10 

78-08 

80-00 

81-89 

83-73 

86-63 

88-16 

90-72 

93-20 

96-62 

97*99 

100-29 

102-64 

104-76 

106-91 

109*03 

111  10 

113*14 

116-16 

117-11 

119-06 

120-96 

123-46 

126-89 

128-29 

130-66 

132-96 

136-23 

138-67 


^•as 

"Slii 

1-i 

Pi 

Values 

16-847 
idcnt ' 

S  0 

^  "o  -a 
^  "^  5 

U    a 

U  % 

II  € 

s  «•! 

S    ^& 

s-"l 

60-64 

69-66 

67*40 

61-84 

60-74 

68*64 

63  02 

6190 

69*66 

64*18 

63-08 

60*76 

66-32 

64-16 

61*82 

66-48 

66-25 

62*88 

67-63 

66-33 

63*92 

68-61 

67-34 

64*94 

69*67 

68-43 

65-96 

70-72 

69-46 

66*94 

71-76 

70-48 

67*92 

72*77 

71-47 

68-88 

74*77 

73*48 

70*77 

76*71 

76*34 

72-61 

78*60 

77*20 

74-40 

80*46 

79*02 

76-16 

82-26 

80-79 

77-86 

84  03 

82-63 

79-64 

86-62 

86-07 

81-98 

89-13 

87-64 

84-36 

9167 

89-94 

86-67 

93-96 

92-27 

88-92 

96-27 

94-66 

91*12 

98-63 

96*78 

93-26 

100-76 

98*96 

96-36 

102-92 

10108 

97-41 

106-04 

103  17 

99-42 

107-12 

106-21 

101-39 

109-16 

107-21 

103-32 

111-16 

109-18 

106-22 

11313 

111-11 

107  08 

116  06 

113-01 

108-91 

116-97 

114*88 

110-71 

118-84 

116*72 

112*48 

121  29 

11912 

114-80 

123*69 

121*48 

117  07 

126-06 

123*80 

119*30 

128-36 

126*07 

121  -49 

130-63 

128*30 

123*64 

132*86 

130*49 

125*76 

136-14 

133*72 

128-86 

M 
1 

2 

24 
8 

34 

4 

44 
5 

64 
6 
7 
8 
9 
10 
11 
2    0 
2    14 
2    8 
2    44 
2    6 
2    74 
2    9 

2  104 

3  0 
8    14 
8    3 

8    44 
8    6 

8    74 
8    9 

3  104 

4  0 
4  2 
4    4 


4 

4 


6 

8 


4  10 

5  0 
5    3 
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THE  DISCHARGE  OP  WATER  FROM 


TABLE  IL—Forfindimg  the  VeloeUietfrom  tk«  AUUudet,  and  the  AltHudnfrom  «<■ 
FctoeveMf.— Altitudes  6  feet  6  inches  to  17  feet 


1        i 

Coefficients  of  velocity,  and  the  corresponding  velodtiea  of 

\  in  feet 
shos. 

discharge  in  inches  per  second. 

1 

O  1 

S'A 

O  •«(  a 

•s-fti 

oSS 

•s-tii 

Altitudes , 
andin< 

2.    Values 

e  =  27  077 

Coefficient ' 

3.    Values 
0  =  26-677 
Coefficient 

4.    Values 

«  =  23-908 

Coefficient  * 

6.    Values 
V  -  22-057 
Coefficient 

6.    Values 
«  =  22-24 
Coefficient 

1            0 

5  6 

225-848 

219*98 

215-91 

194-23 

184-07 

180-68 

5  9 

230-924 

224-92 

220-76 

198-59 

188-20 

184*74 

6  0 

285-891 

229-76 

225-51 

202-87 

192-25 

188-71 

6  3 

240-756 

234-50 

230-16 

207-05 

196-22 

192-60 

6  6 

245-524 

239-14 

234-72 

211  15 

200-10 

196-42 

6  9 

250-200 

243-69 

239  19 

215-17 

208-91 

200  16 

7  0 

254-791 

248-17 

243-58 

219-12 

207-65 

203-83 

7  8 

259-301 

252-56 

247-89 

222-99 

211-33 

207-44 

7  6 

263-734 

256-88 

25213 

226-81 

214-94 

210-99 

7  9 

268  093 

261-12 

256-30 

230-56 

218-50 

214-47 

8  0 

272  383 

265-30 

260-40 

234-25 

221  -99 

217*91 

8  3 

276-607 

269-41 

264-44 

237-88 

225-43 

221-29 

8  6 

280*766 

273-47 

268-41 

241  -46 

228-82 

224*61 

8  9 

284-865 

277-46 

272-33 

244-98 

232-17 

227-89 

9  0 

288-906 

281-39 

276-19 

248-46 

285-46 

231  12 

9  3 

292-897 

286-28 

280-00 

251-89 

238-71 

234-31 

9  6 

296-823 

289-11 

283-76 

255-27 

241-91 

237-46 

9  9 

300-703 

292-88 

287-47 

258-60 

245*07 

240-56 

10  0 

304-534 

296-62 

291  13 

261-90 

248-19 

243*63 

10  8 

308-317 

300-30 

294-75 

265-15 

251-28 

245*65 

10  6 

312-054 

303-94 

297-32 

268-37 

254-32 

249*64 

10  9 

815-747 

307-54 

301-85 

271-54 

257-33 

292-60 

11  0 

319-398 

311  09 

305-34 

274-68 

260-31 

255-52 

11  3 

323-007 

314-61 

308-79 

277-79 

262-25 

258-41 

11  6 

326-576 

318-09 

312-21 

280-86 

266-16 

261-26 

11  9 

330-107 

321  -52 

315-58 

283-89 

269*04 

264-09 

12  0 

333-600 

324-93 

318-92 

286-90 

271-88 

266-88 

12  3 

337-057 

328-29 

822-23 

289-87 

274-70 

269*65 

12  6 

340-479 

381  -63 

325-50 

292-81 

277-49 

272-38 

12  9 

343-867 

334-93 

328-74 

296-73 

280-25 

275-09 

13  0 

347-222 

338  19 

331-94 

298-61 

282-99 

277*78 

13  3 

350-545 

341-43 

335-12 

301-47 

285-69 

280*44 

13  6 

353-836 

344-64 

338-27 

304*30 

288-38 

283  07 

13  9 

357-097 

347-81 

341-39 

307  10 

291-03 

285*68 

14  0 

360-329 

350-96 

344-47 

309-88 

293-67 

288-26 

14  6 

366-707 

357  17 

350-57 

815-37 

298-87 

293-37 

16  0 

372-976 

363-28 

356-57 

320-76 

303-98 

298-38 

15  6 

379-141 

369-28 

362-46 

326-06 

309-00 

303-31 

16  0 

386-208 

375-19 

368-26 

831-28 

313*94 

808-17 

16  6 

391-181 

881-01 

873-97 

336-412 

818-81 

312-94 

17  0 

397-063 

886-74 

379-50 

341-47 

323-61 

317-65 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  II.—Btrnnding  tU  VeloeUieafixm  ika  AUUttde$,  and  the  AUUudetfnm  ike 
y«i<K»<iM.— Altitudes  5  feet  6  inches  to  17  feet. 


Coeffidents  of  velocity,  and  the  corresponding  velodties  of 
dischaiige  in  inches  per  second. 

AlUtudes  A  in  feet 
and  inches. 

'^  lis 

8.    Values  of 

V  =  18-515  A* 

Coeffldent  '666. 

9.    Values  of 

r  =  17 '458  A* 

Coefficient  -628. 

10.    Values  of 

r  =  17  158  A* 

Coeffldent  '617. 

11.    Values  of 

e  =  16-847  A* 

Coeffldent  '606. 

158*09 

150-41 

141-83 

139-35 

136-86 

181-90 

5 

6 

161-65 

153-80 

145  02 

142-48 

189-94 

134-86 

5 

9 

165-12 

157-10 

148-14 

145-55 

142-95 

137*76 

6 

0 

168*53 

160-84 

15119 

148-55 

145-90 

140*60 

6 

8 

171*87 

163-52 

154-19 

151-49 

148-79 

143*89 

6 

6 

176-14 

166-68 

157-13 

154-37 

151-62 

146*12 

6 

9 

178-36 

169-69 

160-01 

157-21 

154-40 

148-80 

7 

0 

181-51 

172-69 

162-84 

159-99 

157-14 

161*43 

7 

3 

184-61 

175-65 

165-62 

162-72 

159-82 

154*02 

7 

6 

187-67 

178-55 

168*36 

165-41 

162-46 

156-67 

7 

9 

190-67 

181-41 

171-06 

168-06 

165-06 

15907 

8 

0 

193-62 

184-22 

178-71 

170-67 

167-62 

161-54 

8 

8 

196-54 

186-99 

176-32 

178-23 

170-14 

163-97 

8 

6 

199-41 

189-72 

178-90 

175-76 

172-68 

166-36 

8 

9 

202-23 

192-41 

181-43 

178-26 

175-08 

168-72 

9 

0 

205-02 

195-07 

183-94 

180-71 

177-49 

171-05 

9 

8 

207-78 

197-68 

186-40 

183-14 

179-87 

178-34 

9 

6 

210-49 

200-27 

188-84 

185-53 

182-23 

175-61 

9 

9 

213-17 

202-82 

191  -25 

187-90 

184-55 

177-85 

10 

0 

215-82 

205-34 

193-62 

190-23 

186*84 

180-06 

10 

3 

218-44 

207-83 

195-97 

192-54 

189-10 

182-24 

10 

6 

221-02 

210-29 

198-29 

194-82 

191-34 

184-40 

10 

9 

223-58 

212-72 

200-58 

19707 

193-55 

186-58 

11 

0 

226-10 

215-12 

202-85 

199-30 

195-74 

188*64 

11 

3 

228-60 

217*50 

205  09 

201-50 

197-91 

190-72 

11 

6 

231-07 

219-85 

207-31 

203-68 

200*04 

192*78 

11 

9 

233-52 

222-18 

209-50 

205*83 

202-16 

194-82 

12 

0 

235-94 

224-48 

211-67 

207*96 

204*26 

196-84 

12 

3 

238-34 

226-76 

213-82 

210  08 

206-33 

198-84 

12 

6 

240-71 

229  02 

215-95 

212-17 

208-88 

200-82 

12 

9 

243-06 

231-25 

218-06 

214-24 

210-42 

202-78 

13 

0 

245*38 

233-46 

220-14 

216-29 

212-48 

204-72 

18 

8 

247-69 

285-65 

222-21 

218-32 

214-42 

206-64 

18 

6 

249-97 

287-83 

224-26 

220-83 

216-40 

208*54 

13 

9 

252-28 

239-98 

226-29 

222-82 

218-36 

210-48 

14 

0 

256-70 

244*23 

280-29 

226-26 

222-22 

214-16 

14 

6 

261  08 

248-40 

234-23 

28018 

226-02 

217-82 

15 

0 

265-40 

252-51 

238-10 

233-93 

229-76 

221-42 

15 

6 

269-65 

256-55 

241  -91 

237-67 

288-44 

224-96 

16 

0 

278-88 

260-58 

245-66 

241-36 

237  06 

228-45 

16 

6 

277-94 

264-44 

249-36 

244-99 

240-62 

231-89 

17 

0 
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THE  DISCHAROE  OP  WATER  FROM 


TABLE  H.-^IbrJlnding  ike  Vtloeiiimfrom  ike  AUUudet,  amd  Oe  JUUude$fnm  the 
FtftoetttM.— Altitudes  17  feet  6  inches  to  40  feet 


Coefficients  of  velooity,  and  the  corresponding  velocities  of   | 

^1 

dischazge  in  inches  per  second. 

^Hi 

•s-:iS 

^-^t 

^•^1 

•Slis 

r^t 

Altitudes 
andini 

J^  oo  'S  ti 

.  II  o  •*» 
tH  II  ^-3 

111 

ill 

IN 
II  f 

17  6 

402-860 

392-39 

385-13 

346-46 

328-83 

322-29 

18  0 

408-576 

397-95 

390-60 

351-37 

332-99 

326-86 

18  6 

414-211 

403-44 

395-99 

356-22 

337-68 

831  -37 

19  0 

419-772 

408-86 

401-80 

361-00 

342-11 

335-82 

19  6 

425-258 

414-20 

406-55 

365-72 

846-59 

840-21 

20  0 

480-676 

419-48 

411-73 

370-88 

351-00 

344-54 

20  6 

436-026 

424-69 

416-84 

374-98 

356-36 

348-82 

21  0 

441-311 

429-84 

421  -89 

379-53 

359-59 

353  05 

21  6 

446-534 

434*92 

426-89 

884-02 

363 -93 

357-23 

22  0 

451  -697 

439-95 

431  -82 

388-46 

368-13 

361-36 

22  6 

456-801 

444-92 

436-70 

392-85 

372-29 

365-44 

23  0 

461  -848 

449-84. 

441-53 

397-19 

376-41 

369-48 

23  6 

466-841 

450-70 

446-30 

401-48 

380*48 

373-47 

24  0 

471-782 

469-52 

451  -02 

405-73 

384*50 

377-43 

24  6 

476-671 

464-28 

455-70 

409-94 

388-49 

381  -34 

25  0 

481-510 

468-99 

460-32 

414-10 

392-43 

385-21 

25  6 

486-301 

473-66 

464-90 

418-22 

396*34 

389*04 

26  0 

491  -046 

478-28 

469-44 

422-30 

400-20 

392-84 

26  6 

495-745 

482-86 

473-93 

426-34 

404-03 

896-60 

27  0 

500-400 

487-89 

478-38 

430-34 

407-83 

400-32 

27  6 

505-012 

491  -88 

482-79 

434-81 

411-58 

40401 

28  0 

509-582 

496-83 

487-16 

438-24 

415-31 

407-67 

28  6 

514-112 

500-75 

491-49 

442-14 

419-00 

411-29 

29  0 

518-602 

605-12 

495*78 

446-00 

422-66 

414-88 

29  6 

528-054 

509*45 

600-04 

449-83 

426-29 

418-44 

80  0 

527-468 

613-75 

604-26 

453-62 

429-89 

421  -97 

30  6 

531  -845 

518  02 

508*44 

457-31 

433-45 

425-48 

31  0 

536-187 

522-26 

612-59 

461-12 

436-99 

428-95 

31  6 

540-494 

526-44 

516-71 

464-82 

440-50 

482-40 

32  0 

544-767 

680-60 

520-80 

468-50 

443-98 

485*81 

32  6 

549  006 

534-73 

524*85 

472-15 

447-44 

439-20 

83  0 

558-213 

638-83 

528*87 

475-76 

450*87 

442-57 

83  6 

557-388 

542-90 

532*86 

479*35 

454*27 

445*91 

34  0 

561  -632 

646-93 

536-83 

482*92 

457-65 

449*23 

84  6 

565-646 

550-94 

540-76 

486-46 

461  -00 

452*52 

35  0 

569-730 

554-92 

544*66 

489*97 

464-33 

455  -78 

36  0 

'577-812 

562-79 

552-39 

496-92 

470-92 

462-25 

87  0 

585-782 

670-55 

560  01 

503*77 

477-41 

468-63 

38  0 

593-646 

578-21 

567*53 

610-54 

483-82 

474-92 

89  0 

601-406 

585-77 

574*94 

617-21 

490-15 

481  -12 

40  0 

609  067 

593-23 

582-27 

523-80. 

•496-39 

487-25 
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TABLE  n,^Far finding  the  VtloeiH$$from  tkp  AltUudn,  and  fft«  AUUude$firom  the 

Ftf/ooMe*.— Altttudes  17  feet  6  Indies  to  40  feet 


CoefBdente  of  Telodty.  and  the  coireaponding  Talodtfee  of 
diachaiso  in  inches  per  second. 

s 

-»'"$ 

■s-s^i 

vni 

^-S* 

■sni 

1^3f 

8$!I 

SS^ 

is^ 

is^ 

3sl 

isS 

5- 

a 

S3    •       rt 

2*2 

^  rt  -g 

^  '^  2 

m 

1- 

•a 

1 

*^  *1 

tif 

aS  »  1 

^■t 

s  «»1 

13. 

Ooeffl 

% 

282  00 

268*80 

258-00 

248-56 

244*84 

285-27 

iV 

M 

6 

286-00 

272-11 

256-59 

252-09 

247*60 

238-61 

18 

0 

289*95 

275-86 

260-12 

265*57 

251-01 

241*90 

18 

6 

298*84 

279*57 

268-32 

259*00 

254-88 

245-14 

19 

0 

297-68 

288-22 

267-06 

262*38 

257-71 

248-85 

19 

6 

801  47 

286*83 

270-46 

265*73 

260-99 

251-51 

20 

0 

805*22 

290-39 

273-82 

269-03 

264-23 

264-64 

20 

6 

308  ^92 

293-91 

277  08 

272*23 

267*87 

267-67 

21 

0 

812-57 

297-39 

280*42 

275-51 

270*60 

260-78 

21 

6 

316*19 

300-83 

283*67 

278-70 

278-73 

263-79 

22 

0 

319-76 

304-23 

286*87 

281-85 

276*82 

266-77 

22 

6 

823*29 

807-59 

290-04 

284-96 

279-88 

269-72 

23 

0 

326-79 

310*92 

293*18 

288-04 

282-91 

272-64 

23 

6 

330-25 

314-21 

296-28 

291-09 

285*90 

275-62 

24 

.0 

833*67 

817-46 

299*35 

29411 

288*86 

278-38 

24 

6 

337  06 

320*69 

302-89 

297-09 

291*80 

281-20 

25 

0 

340-41 

323-88 

305-40 

300-05 

294-70 

284-00 

25 

6 

848*73 

327-04 

308 -38 

302*98 

297-57 

286-77 

26 

0 

847  02 

330-17 

311*33 

305-87 

800*42 

289-62 

26 

6 

350*28 

833-13 

314*25 

808-75 

808-24 

292-23 

27 

0 

358*51 

336-34 

317*15 

311*59 

806-04 

294-93 

27 

6 

856*71 

839-38 

320*02 

314*41 

308*81 

297-60 

28 

0 

859-88 

342-40 

322*86 

317*20 

811  55 

300-24 

28 

6 

363  02 

345-39 

325-68 

319*98 

314-27 

302-86 

29 

0 

366  14 

348-35 

328*48 

322*72 

316-97 

805-46 

29 

6 

369-23 

351  29 

331*25 

825*45 

819-65 

308-04 

30 

0 

372-29 

854*21 

334*00 

328*15 

322-30 

310-60 

30 

6 

375*33 

357-10 

336*73 

830*83 

324-93 

313*13 

31 

0 

878-85 

359-97 

339-43 

333-48 

327-54 

315-60 

31 

6 

381*34 

362-81 

342*11 

836-12 

330-13 

318-14 

32 

0 

884-30 

865*64 

344*78 

388-74 

382-70 

320-62 

82 

6 

387-25 

868-44 

347-42 

341-88 

835-25 

823-08 

83 

0 

390*17 

371*22 

350*04 

343-01 

337-78 

325-51 

33 

6 

398  07 

873-98 

362*64 

346-47 

840-29 

827*93 

34 

0 

395-95 

376-72 

355*23 

349*00 

342-78 

330-34 

84 

6 

398-81 

379-44 

357-79 

351-52 

345*26 

382*72 

35 

0 

404-47 

884*82 

362-87 

856*51 

350-15 

337*44 

86 

0 

410  05 

89013 

367-87 

361-43 

854  98 

842*10 

87 

0 

415-55 

395-37 

372-81 

866*28 

359-76 

346-69 

38 

0 

420-98 

400-54 

377-68 

371  11 

364-45 

851  22 

39 

0 

426-35 

405-64 

382-49 

375*79 

369-09 

355-70 

40 

0 
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TABLE  III.— Square  Boottfor  findJmg  ike  ^eett  qf  ike  VeloeUjf  qf  Approach  vken 
the  Or^ee  i»  email  m  proportion  to  the  Head,  AUo  for  finding  the  Iwereate  in  the 
Dwihargeftom  an  Inereaee  ofSead.     (See  pp.  01  to  99). 


No. 

Square 
root. 

No. 

Square 
root 

No. 

Square 
root. 

No. 

Square 
root 

1-000 

1-0000 

1-115 

1  0659 

1-475 

1-2141 

1-976 

1-4053 

lOOl 

1-0005 

1-120 

1  -0583 

1-49 

1  -2207 

1-99 

1-4107 

I  002 

1-0010 

1126 

1-0607 

1-5 

1  -2247 

2-00 

1*4142 

I  004 

1-0020 

1-13 

1-0630 

1-51 

1-2288 

2-01 

1-4177 

1-005 

1-0025 

1135 

1-0654 

1-525 

1  -2349 

2026 

1-4230 

1006 

1  -0030 

1-14 

1  -0677 

1-54 

1-2410 

2-04 

1-4283 

1-008 

1-0040 

1-145 

1  -0700 

1-55 

1-2450 

2-05 

1-4318 

1009 

1-0044 

116 

1-0723 

1-56 

1-2490 

2-06 

1-4353 

1010 

1-0050 

1-165 

1-0747 

1-576 

1-2550 

2-076 

1  -4405 

1011 

1-0055 

1-16 

1-0770 

1-58 

1-2570 

2-09 

1-4467 

1-012 

1-0060 

1-165 

1-0794 

1-59 

1-2610 

2-10 

1-4491 

1014 

1-0070 

1-17 

1-0817 

1-6 

1-2649 

2-11 

1-4526 

1016 

1-0076 

1-175 

10840 

1-61 

1-2689 

2-125 

1-4577 

1016 

1  -0080 

1-18 

1-0863 

1-625 

1-2748 

2-14 

1-4629 

1018 

1-0090 

1-185 

1-0886 

1-64 

1-2806 

2-16 

1-4668 

1019 

1-0095 

1-19 

1-0909 

1-66 

1-2846 

2-16 

1-4697 

1020 

1-0100 

1-195 

1-0932 

1-66 

1-2884 

2-176 

1-4748 

1  0225 

10112 

1-2 

1-0954 

1-675 

1-2942 

1  2-19 

1-4799 

1-026 

1-0124 

1-21 

1-1000 

1-69 

1  -3000 

2-2 

1-4882 

1  -0275 

1-0137 

1-22 

1-1045 

1-7 

1  -3038 

2-21 

1-4866 

1-08 

1-0149 

1-23 

1-1091 

1-71 

1-3077 

2-225 

1-4916 

1  -0325 

1-0161 

1-24 

1-1136 

1-725 

1-8134 

2-24 

1-4967 

1-085 

1-0174 

1-25 

1-1180 

1-74 

1-3191 

2-25 

1-5000 

10375 

1  -0186 

1-26 

11226 

1-76 

1-3229 

2-26 

1-5033 

1-04 

1-0198 

1-27 

11269 

1-76 

1-3267 

2-275 

1-5083 

10425 

1-0210 

1-28 

1-1314 

1-776 

1-3323 

2-29 

1-6188 

1045 

1-0223 

1-29 

1-1858 

1-79 

1-3879 

2-3 

1-5166 

1-0475 

1-0235 

1-30 

1-1402 

1-80 

1-3416 

2-31 

1-6199 

105 

1-0247 

1-31 

1-1446 

1-81 

1-3464 

2-325 

1-6248 

1-055 

1-0271 

1-326 

1-1511 

1-825 

1-3509 

2-34 

1-5297 

1-06 

1-0296 

1-34 

1-1576 

1-84 

1  -3666 

2-35 

1-5330 

1-065 

1-0320 

1-36 

1-1619 

1-86 

1.3601 

2.36 

1-6862 

1-07 

1  -0344 

1-36 

1-1662 

1-86 

1-3638 

2-375 

1-5411 

1-075 

1  0368 

1-375 

1-1726 

1-875 

1-3693 

2-39 

1-6460 

1-08 

10392 

1-39 

1-1790 

1-89 

1-3748 

2-4 

1-6492 

1-085 

1-0416 

1-40 

11832 

1-9 

1-3784 

2-41 

1-6524 

1-09 

1-0440 

1-41 

1-1874 

1-91 

1-3820 

2-426 

1-5572 

1-095 

1  -0464 

1-426 

1-1937 

1-925 

1-3875 

2-44 

1-6621 

11 

1-0488 

1-44 

1-2000 

1-94 

1-3928 

2-45 

1-5662 

1-105 

1-0512 

1-46 

1-2042 

1-95 

1-3964 

2-46 

1  -5684 

1-110 

1-0586 

1-46 

1-2083 

1-96 

1-4000 

2-476 

1-6787 
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TABLE  Ill.—Sguare  JBooU  for  JM&ng  the  ^eaU  qf  tk§  Veloeiiff  qf  Approaek  wke» 
ike  Or^let  it  tmall  twyroporfwrn  to  the  Head.  AUoforJInding  the  ittcroaee  m  the 
Dieehargefrom  an  inereaee  qfSead,     (See  pp.  91  to  99.) 


No. 

Square 
root 

Na 

Square 
root 

No. 

Square 
root 

No. 

Square 
root. 

2*49 

1-6780 

3-0000 

1-7321 

4-5 

2-1213 

26 

6  0990 

2-5 

1-5811 

3025 

1-7398 

6-0 

2-2361 

27 

6  1962 

2-51 

1-5848 

3-05 

1-7464 

5-5 

2-3452 

28 

6-2915 

2-525 

1  -6890 

3-076 

17686 

6-0 

2-4496 

29 

6-3862 

2-54 

1-6937 

3-1 

1-7607 

6-5 

2-6495 

30 

6-4772 

2-55 

1-6969 

3126 

1-7678 

7-0 

2-6468 

81 

6-6678 

2-56 

1-6000 

315 

1-7748 

7-5 

27886 

82 

5-8569 

2-675 

1-6047 

8-175 

1-7819 

8-0 

2-8284 

88 

6-7446 

2-59 

1-6098 

3-2 

1-7889 

8-5 

2-9156 

84 

6-8810 

2-8 

1-6126 

3-225 

1-7968 

9-0 

3-0000 

35 

6-9161 

2-61 

1-6165 

8-26 

1-8028 

9-5 

3-0822 

86 

6-0000 

2-625 

1-6202 

3-275 

1-8097 

10-0 

3-1628 

87 

6-0828 

2-64 

1  -6248 

3-3 

1-8166 

10-5 

2-2404 

88 

6-1644 

2-65 

1-6279 

8-325 

1-8235 

11-0 

3-3166 

39 

6-2460 

2-66 

1-6310 

3-35 

1-8303 

11-5 

3-3912 

40 

6-3246 

2-675 

1-6366 

8-375 

1-8871 

12-0 

3-4641 

41 

6-4081 

2-69 

1-6401 

3-4 

1-8439 

12-5 

3-6366 

42 

6-4807 

27 

1-6432 

3-425 

1-8607 

13-0 

3-6066 

48 

6-6674 

2-71 

1-6462 

3-46 

1-8674 

18-5 

3-6742 

44 

6-6332 

2-725 

1-6508 

3-476 

1-8641 

14-0 

3-7417 

46 

6-7082 

274 

1-6653 

3-6 

1-8708 

14-5 

3-8079 

46 

6-7823 

2-76 

1  -6683 

3-625 

1-8776 

16-0 

8-8730 

47 

6-8667 

2-76 

1-6618 

8-65 

1-8841 

15-5 

3-9370 

48 

6-9282 

2775 

1-6668 

3-575 

1-8908 

16-0 

4-0000 

49 

7-0000 

2-79 

1-6708 

3-6 

1-8974 

16-6 

4-0620 

50 

7-0711 

2-8 

1-6738 

3-625 

1  -9089 

17-0 

4-1231 

61 

7-1414 

2-81 

1-6768 

8-65 

1-9105 

17-5 

4-1833 

62 

7-2111 

2-825 

1-6808 

8-675 

1-9170 

18-0 

4-2426 

53 

7-2810 

2-84 

1-6852 

37 

1*9285 

18-6 

4-3012 

54 

7-3485 

2-85 

1-6882 

3-725 

1-9300 

19-0 

4-3689 

65 

7-4162 

2-86 

1-6912 

3-75 

1-9366 

19-5 

4-4169 

66 

7-4838 

2-875 

1-6966 

3-776 

1-9429 

20-0 

4-4721 

67 

7-5498 

2-89 

1-7000 

3-8 

1-9494 

20-5 

4-6277 

68 

7-6158 

2-9 

17029 

3-825 

1-9668 

210 

4-6826 

69 

7-6811 

2-91 

1-7069 

8-85 

1-9621 

21-5 

4-6368 

60 

77460 

2-925 

17108 

8-875 

1-9685 

22-0 

4-6904 

61 

7-8102 

2-94 

1-7146 

8-9 

1-9748 

22-5 

47434 

62 

7-8740 

2-95 

17176 

8-925 

1-9812 

28-0 

4-7968 

68 

7-9873 

2-96 

17206 

3-95 

1-9875 

28*5 

4-8477 

64 

8-0000 

2-976 

1-7248 

8-975 

1-9938 

24-0 

4-8990 

66 

8-0628 

2-99 

17292 

4-0 

2-0000 

25-0 

5  0000 

66 

8-1240 

oo 
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TABLE  ir.^Far  JbtdiMff  tk§  BUekarge  thnmffh  Beeiamgnlar  Oryt 

»  =  ^    Al$ofcrJtmdmgik€^eeUrft\e  VOodtjf  tfAfpnaek  to 
JOt/mmUm  on  th»  Owf.    (See  pp.  91  to  99.) 


;  is  which 
the 


l+«. 

1.1. 

a+»)*. 

(l+,)t_„l. 

l+ii. 

»*. 

a +«•)*• 

a+«A-»*. 

1000 

-0000 

1-0000 

1-0000 

1-116 

-0390 

1-1774 

11384 

1-001 

•0000 

1-0016 

1-0015 

1-120 

-0416 

1-1853 

1-1487 

1-002 

•0001 

1-0030 

10029 

1-125 

-0442 

1-1982 

1-1491 

1-004 

•0003 

1-0060 

1-0058 

1-13 

-0469 

1-2012 

1-1643 

1-005 

-0004 

1-0075 

1-0072 

1135 

•0496 

1-2092 

1-1696 

1-006 

•0006 

1-0090 

1-0086 

114 

-0524 

1-2172 

1164S 

1008 

•0007 

1-0120 

10113 

1-145 

-0552 

1-2251 

11700 

1009 

-0009 

1-0185 

1-0127 

116 

-0581 

1  -2832 

1-1761 

1-010 

-0010 

1-0150 

1-0140 

1-165 

-0610 

1  -2413 

1-1803 

1*011 

-0012 

1-0165 

1*0154 

1-16 

-0640 

1-2494 

1-1854 

1012 

-0013 

1-0181 

I  -0167 

1-166 

-0670 

1  -2574 

11904 

1-014 

•0017 

10211 

1-0194 

1-17 

•0701 

1*2666 

1-1955 

1016 

•0018 

10226 

1-0207 

1176 

0782 

1  -2737 

1-2005 

1-016 

•0020 

10241 

1-0221 

1-18 

*0764 

1-2818 

1-2054 

1-018 

•0024 

10271 

1-0247 

1-185 

*0796 

1  -2900 

1-2104 

1-019 

•0026 

1-0286 

1-0260 

1-19 

*0828 

1-2981 

1*2168 

1-020 

•0028 

1-0301 

1*0273 

1-195 

0861 

1-3063 

1-2202 

1-0226 

-0034 

10339 

1-0306 

1-2 

*0894 

1  -3146 

1*2251 

1025 

-0040 

1-0877 

1  -0838 

1-21 

*0962 

1*3310 

1-2348 

1  0275 

•0046 

1-0415 

1-0370 

1-22 

•1082 

1*3476 

1-2443 

108 

•0052 

1-0453 

1-0401 

1-23 

•1108 

1*3641 

1*2538 

1-0325 

•0059 

1-0491 

10483 

1-24 

•1176 

1*3808 

1-2682 

1-035 

-0065 

1-0630 

1-0464 

1-25 

•1250 

1-8975 

1-2725 

10375 

•0078 

1-0568 

1-0495 

1-26 

•1326 

1-4143 

1-2818 

1-04 

•0080 

1-0606 

1-0526 

1-27 

-1408 

1-4312 

1-2909 

1  0426 

-0088 

1-0644 

1-0657 

1-28 

-1482 

1-4482 

1  -3000 

1-045 

-0095 

1-0683 

1-0587 

1-29 

•1662 

1-4662 

1-8090 

1-0475 

•0104 

1-0721 

1-0617 

1-30 

•1643 

1-4822 

1-8179 

1-05 

•0112 

10759 

10648 

1-31 

•1726 

1-4994 

.1-8268 

1-055 

•0129 

1-0836 

1-0707 

1-326 

•1863 

1-5252 

1-8399 

1-06 

•0147 

1-0913 

1-0766 

1-34 

•1988 

1-5612 

1-8529 

1066 

•0166 

1-0991 

1-0825 

1-35 

•2071 

1  -5686 

1-8615 

1-07 

•0185 

11068 

1-0883 

1-36 

•2160 

1-6860 

1-8700 

1076 

•0205 

1-1146 

1-0940 

1-876 

•2296 

1-6123 

1-8827 

1-08 

•0226 

1-1224 

1-0997 

1-39 

-2436 

1-6388 

1-8952 

1-086 

•0248 

11302 

1-1054 

1-40 

•2680 

1-6565 

1-4035 

1-09 

•0270 

1-1380 

1-1110 

1-41 

•2626 

1-6743 

1-4118 

1-095 

-0293 

11468 

1-1166 

1-425 

•2771 

1-7011 

1*4240 

11 

-0816 

1-1637 

1-1221 

1-44 

•2919 

1-7280 

1-4861 

1105 

-0840 

1-1616 

1-1275 

1-45 

-8019 

1-7460 

1-4442 

1-110 

•0865 

11695 

1-1880 

1-46 

-8120 

1-7641 

1-4621 

Valttet  of  «  from  0  to  '4a. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS, 
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TABLE  IV.'-Btr  Jlmdimg  the  DUOutrge  ikrouffh  SMtanguUnt  Orificet;  in  wkieh 

«  =  -^    JUo  forjtndiaig  ik«  ^teU  <if  the  VdoeUg  qf  Approach  to  Wein,  Jte. 
(See  pp.  91  to  99.) 


l+n. 

nf 

a+«)*. 

(1  +,)l-^» 

l-t-». 

»* 

Cl+n)l 

(1 +»)*-.»* 

1-476 

-3274 

17914 

1-4640 

1-975 

-9627 

2  7766 

1*8128 

1-49 

-8430 

1-8188 

1-4758 

1-99 

-9860 

2-8072 

1-8222 

1-5 

•3536 

1-8871 

1-4836 

2- 

1  -0000 

2-8284 

1-8284 

1-61 

•3642 

1-8666 

1-4913 

2  01 

1-0160 

2-8497 

1-8346 

1-625 

*3804 

1-8832 

1  -5028 

2-025 

1-0377 

2-8816 

1-8439 

1-64 

•3968 

1-9111 

1-6143 

2-04 

1-0606 

2-9137 

1-8531 

1-66 

•4079 

1-9297 

1-5218 

2  06 

10769 

2-9352 

1-8692 

1-66 

•4191 

1-9484 

1-5294 

206 

1-0913 

2-9667 

1-8663 

1-675 

•4360 

1-9766 

1  -5406 

2-075 

11146 

2-9890 

1-8744 

1-68- 

•4417 

1-9860 

1-5443 

209 

1-1380 

3-0216 

1-8835 

1-69 

•4632 

2  0049 

1-6617 

210 

1-1637 

3  0432 

1  -8895 

1-6 

•4648 

2-0239 

1-6691 

2-11 

1-1696 

3-0650 

1-8965 

1-61 

-4764 

2-0429 

1  -6664 

2126 

1-1932 

3-0977 

1  -9045 

1-626 

•4941 

2-0715 

1-5774 

2-14 

1-2172 

3-1306 

1-9134 

1-64 

•6120 

2-1002 

1-5882 

2-16 

1-2332 

3  1625 

1-9198 

1-65 

•6240 

2-1195 

1-6964 

216 

1-2494 

81745 

1-9252 

1-66 

•6362 

21388 

1  -6026 

2175 

1-2737 

3  2077 

1-9340 

1-675 

-6646 

2-1678 

1-6132 

2-19 

1  -2981 

3  2409 

1-9428 

1-69 

•6732 

2  1970 

1-6288 

2-2 

1-31 45 

8  2631 

1*9486 

1-7 

•6867 

2-2166 

1  -6809 

2-21 

1  -3310 

8^2854 

1-9644 

1-71 

•6983 

2-2361 

1  -6379 

2225 

1-8568 

3*3189 

1-9681 

1-725 

•6173 

2*2666 

1-6483 

2-24 

1-3808 

3-3626 

1-9717 

1-74 

-6366 

2-2962 

1  -6586 

2-25 

13976 

3  3750 

1  -9775 

1-75 

•6496 

2-3160 

1-6666 

2  26 

1-4143 

3  3976 

1-9832 

1-76 

-6626 

2-3349 

1-6724 

2-275 

1*4397 

8-4314 

1-9917 

1-776 

•6823 

2-3648 

1-6826 

2^29 

1  -4652 

8-4654 

2-0002 

1-79 

•7022 

2-3949 

1  -6927 

2-3 

1^4822 

8  4881 

2  0059 

1-80 

•7165 

2-4160 

1  -6994 

2  31 

1  4994 

8-5109 

2-0115 

1-81 

•7290 

2-4351 

1-7061 

2  825 

16252 

8  6451 

2-0200 

1-825 

•7493 

2-4664 

1-7161 

2-34 

1  •5612 

3*6796 

2-0284 

1-84 

•7699 

2-4969 

1  -7260 

2-36 

1-6686 

3*6025 

2*0339 

1-86 

•7837 

2-6163 

1-7326 

2-36 

1  -5860 

3 -6255 

2*0396 

1-88 

•7975 

2-6367 

1-7892 

2-376 

1^6128 

3  6601 

2*0478 

1-876 

•8186 

2-6674 

17490 

2-39 

1-6888 

8-6948 

2*0561 

1-89 

•8396 

2-6983 

17587 

2-4 

1-6665 

3-7181 

2*0616 

1-9 

•8638 

2-6190 

1-7652 

2-41 

1  -6743 

3-7413 

2-0670 

1-91 

•8681 

2-6397 

1-7716 

2-426 

1*7011 

3-7763 

2-0752 

1*925 

'8896 

2  6709 

1-7813 

2-44 

1-7280 

3-8114 

2*0884 

1*94 

•9114 

2-7021 

1-7907 

2-45 

1-7460 

3-8349 

2-0888 

1-95 

-9269 

2-7230 

1  -7971 

2-46 

17641 

3-8584 

2-0942 

1-96 

•9406    2-7440 

1  -8034 

2-475 

1-7914 

3-8937 

2-1028 

Valu 

•sof  »  from 

•476  to  1- 

475 

lC<miimu4d 
O 

on  utxtpage. 

0  2 
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TEE  mSCHABGE  OF  WATER  FROM 


TABLE  ir.—rbr  Jinding  tks  DUekmye  thnmffk  Beetamffular  OfyUm;  w  vftM 

«  B  3.    AJm  for  Jlndntff  tt«  ^wett  rfOt  rOoeUy  qf  AfpnaA  to  ITcw*^  ^. 
(See  pp.  91  to  99.) 


1  +  1^ 

«< 

(!+•)*. 

(l-f»)*-»f 

1  +«. 

•f 

(1  +  •)< 

(1 +»)*-•*. 

2*49 

1-8188 

8*9292 

2-1104 

3- 

2-8284 

6-1962 

2-3677 

2-5 

1  -8871 

8-9528 

21157 

3-026 

2-8816 

5-2612 

2-3796 

2-61 

1-8655 

3-9766 

2-1211 

3-05 

2-9352 

6-3626 

2-3914 

2-526 

1  -8882 

4-0123 

2-1291 

3-075 

2-9890 

6-3922 

2-4032 

2-64 

1-9111 

4-0481 

2-1370 

3-1 

3-0432 

6-4581 

2-4149 

2-65 

1  -9297 

4-0720 

2-1423 

3-125 

3  0977 

5-5243 

2-4266 

2-66 

1-9484 

4-0960 

2  1476 

3-16 

3-1525 

6-5907 

2-4382 

2-676 

1-9766 

4-1321 

2-1654 

3-176 

3-2077 

6-6574 

2-4497 

2-69 

2-0049 

4-1682 

2  1633 

3-2 

3-2681 

6-7243 

2-4612 

2-6 

2  0239 

4-1924 

2-1685 

3-226 

8*3189 

67915 

2-4726 

2-61 

2-0429 

4-2166 

2-1737 

3-26 

3  •8750 

6*8690 

2-4840 

2-625 

2-0715 

4-2630 

2-1816 

3-275 

3-4314 

6-9268 

2-4953 

2-64 

2-1002 

4-2895 

2-1893 

3-3 

3-4881 

6-9947 

2-5066 

2-66 

2-1195 

4-3139 

2-1944 

8-326 

8-6451 

6-0630 

2-5179 

2-66 

2-1888 

4-3383 

2-1996 

3-36 

3*6025 

6-1315 

2*5290 

2-676' 

2-1678 

4-3751 

2-2073 

3-376 

3-6601 

6-2003 

2-5401 

2-69 

2-1970 

4-4119 

2-2149 

3*4 

3-7181 

6*2693 

2*5512 

2*7 

2-2165 

4*4366 

2-2200 

3*426 

8-7763 

6*3386 

2-5628 

2-71 

2-2361 

4-4612 

2-2251 

3-46 

3-8349 

6-4081 

2-5732 

2-726 

2-2656 

4-4983 

2-2327 

3-475 

3-8937 

6-4779 

2*6842 

2-74 

2-2952 

4-6355 

2-2403 

8-6 

3-9528 

6*6479 

2-5951 

2-76 

2-3150 

4-5604 

2-2458 

3-526 

4-0123 

6-6182 

2*6059 

2-76 

2-3349 

4*6853 

2-2504 

3-66 

4-0720 

6-6887 

2-6167 

2-776 

2-3648 

4*6227 

2-2579 

3-575 

4-1321 

6-7595 

2-6274 

2-79 

2-3949 

4-6602 

2-2654 

3-6 

4-1924 

6-8305 

2-6381 

2-8 

2-4150 

4-6853 

2-2708 

3-626 

4-2530 

6-9018 

2-6488 

2-81 

2-4351 

4-7104 

2-2763 

3-65 

4-3139 

6*9783 

2-6694 

2-825 

2-4654 

4-7482 

2*2827 

3*676 

4-3751 

7*0451 

2-6700 

2-84 

2-4959 

4*7861 

2-2902 

3-7 

4-4366 

71171 

2-6806 

2-85 

2-5163 

4-8114 

2-2961 

8-726 

4-4983 

7*1893 

2-6910 

2-86 

2-5367 

4*8367 

2*3000 

3-75 

4-5604 

7*2618 

2-7016 

2-876 

2-6674 

4-8748 

2-3074 

3-775 

4-6227 

7*3346 

2-7119 

2-89 

2-6983 

4-9130 

2-3147 

3-8 

4-6853 

7-4076 

2*7228 

2-9 

2-6190 

4-9385 

2-3196 

8-826 

4-7482 

7-4808 

2*7326 

2-91 

2-6397 

4-9641 

2-3244 

3-85 

4-8114 

7*5642 

2-7429 

2-926 

2-6708 

6-0026 

2*3317 

3-876 

4-8748 

7*6279 

2-7531 

2-94 

2-7021 

5-0411 

2*3889 

3-9 

4-9385 

7*7019 

2-7684 

2-95 

2-7230 

5*0668 

2*3438 

3-925 

5*0025 

7*7761 

2-7786 

2-96 

2-7440 

5-0926 

2-3486 

3-95 

5-0668 

7*8605 

2-7887 

2-976 

2-7756 

6-1313 

2-3558 

3-976 

6-1813 

7*9251 

2-7888 

2-99 

2-8072  6-1702 

2-3630 

4- 

5  1962 

8* 

2-8088 

Values  of  n  from  1*49  to  & 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLS  ir.-^rbr  Jhtdiiiff  tt«  Ditdkarye  tknmgh  Beetamgular  Ofificn;  in  «&te4 

n—-^    Alto  for  finding  tk0  efteit  ^  tt«  VdocUg  qf  Afprotuk  to  Wein,  ^. 
(Se«ppk  91  to  99.) 


4-5 

nV 

(!+«)*• 

(i+»)V.„V 

l+n. 
26- 

A 

a + «)V 

(i+,)l-A 

7-5745 

6-5479 

9-5459 

2-9980 

125-0000 

132-6746 

5-0 

8-0000 

11-1803 

3-1803 

27- 

132-5746 

140-2961 

7-7216 

5*5 

9-5459 

12-8986 

3-3527 

28- 

140-2961 

148  1621 

7-8660 

6-0 

11-1803 

14-6969 

3-5166 

29- 

148-1621 

166-1698 

8-0077 

6-5 

12-8986 

16-5718 

3-6732 

30- 

156-1698 

164-8168 

8-1470 

7-0 

14-6969 

18-5203 

3-8234 

31- 

164-3168 

172-6007 

8-2839 

7-5 

16-5718 

20-5396 

3-9678 

32- 

172-6007 

181-0193 

8-4186 

8  0 

18-5203 

22-6274 

4-1071 

33- 

181-0193 

189-6706 

8-5513 

8-5 

20-5396 

24-7815 

4-2419 

34- 

189-5706 

198-2624 

8-6818 

9  0 

22-6274 

27-0000 

4-3726 

35- 

198-2524 

207-0628 

8-8104 

9-5 

24-7815 

29-2810 

4-4995 

36- 

207-0628 

216-0000 

8-9372 

10-0 

27-0000 

31  -6228 

4-6228 

37- 

216  0000 

226-0622 

9-0622 

10-6 

29-2810 

34-0239 

4-74-29 

38- 

225-0622 

234-2477 

9-1855 

110 

31  -6228 

36-4829 

4-8601 

39- 

234-2477 

243-6649 

9-3072 

11-5 

34-0239 

38-9984 

4-9745 

40- 

243-5549 

262*9822 

9-4273 

12-0 

36-4829 

41-5692 

5-0863 

41- 

252-9822 

262-5281 

9-5469 

12-6 

38-9984 

44-1942 

5-1958 

42- 

262-6281 

272-1911 

9-6630 

130 

41-5692 

46-8722 

5-3030 

43- 

272-1911 

281-9699 

9-7788 

13-6 

44-1942 

49-6022 

5-4080 

44- 

281-9699 

291-8630 

9-8931 

140 

46-8722 

52-3832 

6-5110 

45- 

291-8630 

301  -8692 

10-0062 

14-6 

49-6022 

55-2144 

5-6122 

46- 

301-8692 

311-9872 

10-1180 

150 

52-3832 

58-0947 

6-7115 

47- 

311-9872 

822-2168 

10-2286 

15-5 

55-2144 

610236 

6-8092 

48- 

322-2168 

332-5538 

10-8380 

160 

68  0947 

64- 

5-9053 

49- 

332-5538 

343-0000 

10-4462 

16-5 

610236 

67  0247 

60011 

50- 

343-0000 

363-5534 

10-6534 

17-0 

64- 

70-0928 

6-0928 

51- 

353-6634 

364-2128 

10-6594 

17-5 

67  0247 

73-2078 

6  1831 

52* 

364-2128 

374-9773 

10-7645 

18-0 

70-0928 

76-3675 

6-2747 

53- 

374-9773 

385-8468 

10-8685 

18-6 

73-2078 

79-5715 

6-3637 

54- 

385-8458 

396-8173 

10-9716 

19-0 

76-3675 

82-8191 

6-4516 

55- 

396-8173 

407-8909 

110736 

19-5 

79-5715 

86-1097 

6-5382 

66- 

407-8909 

419-0666 

111747 

200 

82-8191 

89-4427 

6-6236 

57- 

419-0656 

430-3406 

11-2750 

20-5 

861097 

92-8177 

6-7080 

58- 

430-3406 

441-7148 

11-3742 

210 

89-4427 

96-2341 

6-7914 

59- 

441-7148 

463-1876 

11-4728 

21-5 

92-8177 

99-6914 

6-8737 

60- 

453-1876 

464-7580 

11-5704 

22-0 

96-2341 

1031892 

6-9551 

61- 

464-7580 

476-4252 

11-6672 

22-5 

99-6914 

106-7269 

7-0355 

62- 

476-4252 

488-1886 

11-7633 

23- 

103-1892 

110-3041 

7-1149 

63- 

488-1885 

6000470 

11-8585 

28-5 

106-7269 

113-9205 

7-1936 

64- 

500-0470 

612-0000 

11-9530 

24- 

110-3041 

117-6755 

7-2714 

65- 

512-0000 

524-0468 

12-0468 

25- 

117-5755 

125- 

7-4245 

ee-   524  0468 

636-1865 

121397 

Values  of  n  from  8*6  to  65. 
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TUB  DISCHARGE  OF  WATER  FROM 


TABLE  r.—CoMeienU  qf  DiatAarge  for  Difereni  JBotwo  tf  the  Cka»m«l  to  Ho 
OrMee. —Coefflcianto  for  Heads  in  still  water  '650  and  '57S.  See  equatftana 
(44)  and  C44a)  and  the  obeenratiomi  thereon  at  p.  99. 


Coefficient  550  for  heada  in  still 

Coefficient  '678  for  beads  in  still     I 

water. 

water. 

Ratio 
of  the 

Ratio  of  the 

Coefficients 

Coefficients 

Ratio  of  the 

Coefficients 

Coeffidflnti 

channel 

height  due 
to  the  velo- 

for  orifices : 

for  weirs : 

heiffht  due 
to  tiae  Telo- 

for orifices: 

forwein: 

to  the 

the  heads 

the  heads 

the  heads 

thehewia 

orifloe. 

city  of  ap- 

measured 

measured 

city  of  ap- 
proach to 
tiiehead. 

measured 

measured 

proach  to 

to  the 

the  full 

to  the 

thefnU 

the  head. 

centres. 

depth. 

centres. 

depth. 

30- 

•000 

•560 

•660 

•000 

•578 

•673 

20* 

•001 

•560 

•651 

•001 

•678 

•674 

16- 

'001 

•650 

•651 

•001 

•678 

•674 

10- 

•008 

•661 

•552 

•008 

•574 

•676 

9- 

•004 

•661 

•558 

•004 

•674 

•676 

8- 

•006 

•651 

•554 

•005 

•674 

•577 

7- 

•006 

•552 

•656 

•007 

•576 

•678 

6- 

•008 

•652 

•657 

•009 

•676 

•580 

5-5 

•010 

•668 

•658 

•Oil 

•576 

•682 

6  0 

•012 

•553 

•669 

•018 

•677 

•684 

4-5 

•015 

•564 

•662 

•016 

•678 

•586 

4  0 

•019 

•566 

•666 

•021 

•679 

'689 

376 

•022 

•556 

•666 

024 

•680 

•692 

3*50 

•025 

•667 

•669 

•028 

•681 

•694 

3-26 

•029 

•658 

•572 

•032 

•682 

•598 

80 

•035 

•669 

•576 

•088 

•684 

•602 

276 

•042 

•661 

•680 

•045 

•586 

•607 

2-60 

•051 

•664 

•586 

•066 

•589 

•614 

2-26 

•064 

•667 

•594 

•069 

•598 

•628 

2-00 

•082 

•572 

•606 

•089 

•698 

•686 

1-96 

•086 

•578 

•609 

•094 

•699 

•689 

1-90 

•091 

•676 

•612 

•100 

•601 

•643 

1-85 

•097 

•576 

•615 

•106 

•603 

•647 

1-80 

•103 

•578 

•619 

•118 

•604 

•651 

176 

•110 

•579 

•628 

•120 

•606 

•655 

170 

•117 

•681 

•627 

•128 

•609 

•660 

1-65 

•126 

•588 

•632 

•137 

•611 

•666 

1-60 

•134 

•586 

•687 

•147 

•614 

•671 

1-66 

•144 

•688 

•648 

•168 

•617 

•678 

1-60 

•155 

•691 

•649 

•171 

•620 

•686 

1-46 

•168 

•594 

•656 

•185 

•624 

•694 

1-40 

•183 

•698 

•664 

•201 

•628 

708 

1-86 

•199 

•602 

•678 

•220 

•638 

•718 

1-80 

•218 

•607 

•688 

•241 

•688 

•724 

1-26 

•240 

•612 

•695 

•266 

•646 

•787 

1-20 

•265 

•619 

•707 

•296 

•662 

•768 

116 

•297 

•626 

728 

•380 

•661 

770 

110 

•883 

•686 

741 

•872 

•671 

•791 

1*06 

•878 

•646 

•762 

•424 

•684 

816 

1-00 

•484 

•659            -787 

•489 

•699 

•846 

See  the  auxiliary  tables,  pp.  104, 108,  and  111. 


ORIFICES,   W£IMS,  PIPES,  AND  RIVERS. 
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TABLB  r.—Co^MeiewU  tf  Ditekarfft  for  iiftreni  BoHm 
OtMm.— Coemdente  far  heads  m  ttlll  water  *684  and 

of  tks  Ckamna  to  iks 
'696.    See  equations  C44) 

«mG 

1  (44a)  and  the  obaorTationa  thereon  at  p.  99. 

Coefficient  '684  for  heada  in  atOl 

Coefficient  '696  for  heads  in  still    | 

water. 

water. 

Ratio  of 
the 

Ratio  of 

Coefficients  Coefficients 

Ratto  of    ( 

Coefficients  Coefficients 

channel 

the  height 
due  to  the 

for  orifloea : 

for  weirs: 

the  height 

fororiiices:   for  weirs: 

to  the 

the  heads 

the  heada 

due  to  the 

the  heada     the  heads 

oiiiloe. 

velocity  of 

measured 

measured 

velocity  of 

measured     measured 

approach 

to  the 

thefuU 

approach 
to  the  head. 

to  the 

the  full 

to  the  bead. 

centres. 

depth. 

centres. 

depth. 

30- 

•000 

•584 

•584 

•000 

•595 

•695 

20- 

•001 

•584 

•586 

•001 

•595 

•596 

15- 

•002 

•684 

•685 

•002 

•695 

•696 

10- 

•003 

•685 

•587 

•004 

•596 

•698 

9-0 

•004 

•685 

•688 

•004 

•696 

•699 

1-0 

•005 

•586 

•688 

•006 

•597 

•600 

7-0 

•007 

•586 

'690 

•007 

•597 

•601 

6-0 

•010 

•587 

•692 

•010 

•598 

•608 

5-5 

•Oil 

•587 

•598 

•012 

•699 

•605 

5  0 

•014 

•688 

•695 

•014 

•699 

•607 

4-5 

•017 

•589 

•598 

•018 

•600 

•610 

40 

•022 

•690 

•601 

•028 

•602 

•618 

3-75 

•026 

•591 

•604 

•026 

•608 

•616 

3-50 

•029 

•592 

-606 

•030 

•604 

•619 

3-25 

•033 

•594 

•610 

•086 

•605 

•622 

3  0 

•089 

•595 

•614 

•041 

•607 

•627 

2-76 

•047 

•598 

•620 

•049 

•609 

•688 

2-50 

•058 

•601 

•627 

•060 

•618 

•641 

2-26 

•072 

•605 

•687 

•076 

•617 

•651 

2-0 

•093 

•611 

•651 

•097 

•628 

•666 

1-96 

•099 

•612 

•654 

•103 

•625 

•669 

1-90 

•104 

•614 

•660 

•109 

•227 

•678 

1-85 

•111 

•615 

•662 

•116 

•628 

•678 

1-80 

•118 

•617 

•666 

•128 

•630 

•682 

1-76 

•126 

•620 

•671 

•181 

•688 

•687 

1-70 

•134 

•622 

•676 

•140 

•686 

•698 

1-66 

•148 

•624 

•682 

•149 

•688 

•699 

1-60 

•154 

•627 

•689 

•160 

•641 

•706 

1-65 

•166 

•631 

•696 

•178 

•644 

•718 

1-60 

•179 

•634 

•708 

•187 

•648 

•721 

1-45 

•194 

•688 

•712 

•202 

•652 

•780 

1-40 

•211 

•648 

•722 

•220 

•657 

•741 

1-85 

•230 

648 

•732 

•241 

•668 

•752 

1-30 

•253 

•664 

•745 

•266 

•669 

•765 

1-26 

•279 

•661 

•759 

•298 

•677 

•780 

1-20 

•310 

•669 

•775 

•325 

•686 

•797 

116 

•848 

•678 

•794 

•866 

•696 

•818 

1-10 

•893 

•689 

•816 

•414 

•707 

•842 

105 

•448 

•708 

•842 

•473 

•722 

•870 

100 

•518            -719 

•874 

•548 

•740 

•905 

See  the  auxiliary  tidEdea^  pp^  104, 106,  ud  HI. 
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TSB  DISCHimE  OF  WATER  FROM 


TABLS  V.^^CoMeienU  of  J)i$ekarg€  far  H^trMt  BoHm 
OflMe*.— CoelBciento  for  h«'ada  &  still  water  -006  and  -01 
ana  (44a)  aod  the  oboeiTHtioDa  thereon  at  p.  99. 


tt«  Ckanmel  to  tks 
Bee  equationB  (44) 


Coefficient  H/M  for  heads  in 

Coefficient  *617  for  heads  In 

Stillwater. 

■Hll  water. 

BAtto 

XkMWU 

of  the 

Ratio  of     CoeiBclentA  Coefficients 

Ratio  of 

Coefficients 

Coeffidents 

channd 

the  height  for  nriflo<'S  :    for  weirs : 

the  height 
due  to  the 

for  orifloes : 

for  weirs: 

to  the 

due  to  the    the  heads 

the  heads 

the  heads 

the  heads 

orifice. 

▼elocity  of  1  xueasured 

measured 

velocity  of 

meastired 

mesaored 

approach 

to  the 

theftOl 

approach 
tottiehead. 

to  Che 

the  foil 

to  the  head. 

centres. 

dei>th. 

centres. 

detAh. 

30- 

•000 

•606 

•606 

•000 

•617 

•617 

20- 

•001 

•606 

•607 

•001 

•617 

•618 

15- 

•002 

•607 

•607 

•002 

•618 

•619 

10- 

•004 

•607 

•609   ' 

•004 

•618 

•620 

9  0 

•006 

•607 

•610 

•006 

•618 

•621 

8  0 

•006 

•608 

•611 

•006 

•619 

•622 

7  0 

•008 

•608 

•612 

•008 

•619 

•624 

6  0 

•010 

•609 

•615 

•Oil 

•620 

•626 

6-5 

•012 

•610 

•616 

•018 

•621 

•628 

6-0 

•016 

•611 

•619 

•015 

•622 

•680 

4-6 

•018  ^ 

•612 

•621 

•019 

•628 

•683 

4  0 

•023 

•618 

•626 

•024 

•624 

•687 

876 

•027 

•614 

•628 

•028 

•626 

•640 

8*50 

•081. 

•616 

•681 

082 

•627 

•648 

8-25 

•086 

•617 

•685 

•087 

•628 

•647 

8  00 

'048 

•619 

•640 

•044 

•680 

•668 

2-75 

•051 

•621 

•646 

•068 

•688 

•660 

2-50 

•062 

•625 

•664 

•065 

•687 

•668 

2-25 

•078 

'629 

•666 

•081 

•642 

•679 

200 

•101 

•636 

•681 

•105 

•649 

•696 

1*95 

•107 

•688 

•685 

•111 

•660 

•700 

1-90 

•118 

'689 

•689 

•118 

•662 

•704 

1-85 

•119 

•641 

•698 

•125 

•664 

•709 

1-80 

•128 

•644 

•698 

•188 

•667 

•714 

1-75 

•186 

•646 

•708 

•142 

•669 

720 

170 

•146 

•649 

•709 

•552 

•662 

726 

1-65 

•166 

•662 

716 

•163 

•665 

•788 

1-60 

•167 

•666 

•728 

•175 

•669 

741 

1-55 

•180 

•668 

•781 

•188 

•678 

•749 

1-60 

•196 

•662 

•739 

•204 

•677 

•759 

1-45 

•212 

•667 

•749 

•221 

•681 

•768 

1-40 

•231 

•672 

•760 

•241 

•687 

780 

1-36 

•262 

•678 

772 

•264 

•694 

•798 

1-30 

•278 

•685. 

•786 

•291 

•701 

•808 

1-25 

•807 

•693 

•808 

•822 

•709 

•825 

1-20 

•842 

702 

•821 

•869 

•719 

•845 

115 

•884 

718 

•848 

•404 

•781 

•868 

110 

•486 

•726 

•868 

•469 

•745 

•895 

105 

•499 

•742 

•898 

•527 

'768 

•928 

100 

•580            ^762      1 

•986 

•615 

•784 

969 

See  the  auxiliary  tehles,  ppw  104, 106,  and  111. 


ORIFICES^   WEIRS,  PIPES,  AND  EIVES8. 
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TABLE  r.^CoiffieUnit  of  Ditekmy  for  diftrmd  Baiiot  qf  O*  Ckamul  to  ike 
OrUUt.—Uean  CoeAotent  -62&  Goeffld«nt8  for  heads  in  itUl  water  '628  and 
'639.    See  equations  (M)  and  (44a)  and  the  obaerrations  thereon  at  p.  99. 


Coefficient  *628  for  heads  in 

Coeffident  1)39  for  heads  In        | 

P«H/i 

stiU  water. 

■tiU  water. 

of  the 

Ratio  of 

Coeffldenta 

Ooeffldenti 

Ratio  of 

Goeffidenta  Coefficients 

the  height 
due  to  the 

for  onficea  * 

for  iralTA  * 

the  height 
due  to  the 

tar  tuiAo^ ! 

for  wdrs : 

to  the 

the  heads 

the  heads 

the  heads 

the  heads 

orifice. 

▼elocity  of 

measured 

measured 

yelodty  of 

measured 

measured 

approach 
to  the  head. 

to  the 

thefuU 

approach 

to  the 

the  Ml 

centres. 

depth. 

to  the  head. 

oentreik 

depth. 

80- 

•000 

•628 

•628 

•000 

•639 

•639 

20- 

•001 

•628 

•629 

•001 

•639 

•640 

15- 

•002 

•629 

•630 

•002 

•640 

•641 

10- 

•004 

•629 

•632 

•004 

•640 

•643 

9  0 

•005 

•630 

•682 

•005 

•641 

•644 

8  0 

•006 

•630 

•634 

•006 

•641 

•645 

7-0 

•008 

•631 

•635 

•008 

•642 

•647 

6-0 

•Oil 

•631 

•688 

•Oil 

•643 

•649 

5-6 

•018 

•682 

•640 

•014 

•643 

•651 

5  0 

•016 

•683 

•642 

•017 

•644 

•654 

4-5 

•020 

•634 

•645 

•021 

•646 

•657 

4-0 

•025 

•686 

•649 

•026 

•647 

•662 

8-75 

•029 

•637 

•652 

•030 

•648 

•665 

3-50 

•033 

•638 

•656 

•084 

•650 

•668 

8 '25 

•039 

•639 

•659 

•040 

•652 

•673 

80 

•046 

•642 

•666 

•048 

•654 

•678 

2'75 

•055 

•645 

•672 

•057 

•657 

•686 

2-50 

•067 

•649 

•682 

•070 

•661 

•695 

2-25 

•084 

•654 

•694 

•088 

•666 

•708 

2  0 

•109 

•661 

•711 

•114 

•674 

•727 

1-95 

•116 

•663 

•715 

•120 

•676 

•781 

1-90 

•123 

•665 

•720 

•128 

•679 

•786 

1*85 

•180 

•668 

•725 

•185 

•681 

•741 

1-80 

•139 

•670 

•781 

•144 

•684 

•747 

1-75 

•148 

•678 

•787 

•154 

•686 

•758 

1-70 

•158 

•676 

•743 

•165 

•690 

•760 

1-65 

•169 

•679 

•750 

•176 

•693 

•768 

1-60 

•182 

•688 

•758 

•190 

•697 

•776 

1-66 

•196 

•687 

•767 

•205 

•701 

•786 

1-50 

•213 

•692 

•777 

•222 

•706 

•796 

1-45 

•281 

•697 

•788 

•241 

•712 

•808 

1'40 

•252 

•703 

•800 

•262 

•718 

•820 

1-85 

•276 

•709 

•814 

•289 

•725 

•886 

1-80 

•804 

•717 

•880 

•819 

•734 

•858 

1-25 

•338 

•726 

•846 

•854 

•743 

•872 

1-20 

•877 

•734 

•866 

•896 

•755 

•895 

116 

•425 

•750 

•894 

•447 

•769 

•921 

110 

•484 

•765 

•924 

•509 

•785 

•958 

105 

•557 

•784 

•959 

•588 

•805 

•991 

100 

•651 

•807 

1002 

•690 

•881 

1088 

Bee  thAMazOlaiT  tables,  pp.  104, 106,  and  UL 
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TffE  DISCHARGE  OF  WATER  FROM 


TJJBLS  r.^Co^eienU  <tf  Diteharye  for  dMrent  BaUo$  qf  iJu  Ckamul  to  He 
OrMee.— Coemdents  for  heads  in  still  water  -060  and  ^7.  See  equations  (44) 
ana  (44a)  and  tiie  obserratlons  thereon  at  p.  99. 


Coefficient  -660  for  heads  in        I 

Coefficient  1167  for  heads  in        | 

. 

Stillwater. 

sftOl  water. 

Ratio 
of  the 

Ratio  of 

Coefficients 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

channel 

the  height 

for  oiifioee : 

for  weirs: 

the  height 

for  uri6ces : 

forwein: 

to  the 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

orifice. 

▼elocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approaoh 
to  the  head. 

to  the 
centres. 

thef^ 
depth. 

approach 
to  the  head. 

to  the 
centres. 

theflill 
depth. 

30- 

•000 

•660 

•660 

•000 

•667 

•667 

20- 

•001 

•660 

•651 

•001 

•667 

•668 

15- 

•002 

•661 

•662 

•002 

•667 

•669 

lo- 

•004 

•661 

•654 

•004 

•668 

•671 

o- 

•005 

•662 

•666 

•006 

'669 

•672 

s' 

•007 

•662 

•666 

•007 

•669 

•678 

7-0 

•009 

•653 

•658 

•009 

•670 

•676 

6  0 

•012 

•654 

•661 

•012 

•671 

•678 

5  5 

•014 

•665 

•663 

•015 

•672 

•680 

6  0 

•017 

•666 

•665 

•018 

•678 

•682 

4-5 

•021 

•667 

•669 

•022 

•674 

•687 

40 

•027 

•669 

•674 

•029 

•676 

•692 

3-75 

•081 

•660 

•677 

•088 

•678 

•696 

8-50 

•036 

•662 

•681 

•088 

•679 

•700 

3-25 

•042 

•668 

•686 

•044 

•681 

•705 

3  0 

•049 

•666 

•692 

•062 

•684 

711 

2-75 

•059 

•669 

•699 

•062 

•687 

•720 

2-60 

•078 

•678 

•709 

•077 

•692 

731 

2-25 

•091 

•679 

•728 

•096 

•698 

•746 

20 

•118 

•687 

•742 

•125 

•707 

•766 

1-95 

-125 

•689 

•747 

•182 

•709 

•771 

1-90 

•188 

•692 

•752 

•140 

712 

•777 

1-85 

•141 

•694 

•768 

•149 

716 

•788 

1-80 

•160 

•697 

•764 

•169 

718 

•790 

1-75 

•160 

700 

771 

•170 

•721 

797 

1-70 

•172 

•704 

•779 

•182 

•725 

•805 

1-65 

•184 

•707 

786 

•196 

•729 

•814 

1-60 

•198 

•711 

796 

•210 

•733 

•823 

1-55 

•218 

•716 

•806 

•227 

•788 

•883 

1-50 

•281 

•721 

•816 

•246 

•744 

-846 

1-46 

•261 

•727 

•828 

•268 

•751 

•859 

1-40 

•275 

•734 

•842 

•298 

•768 

•874 

1-36 

•802 

•742 

•868 

•822 

•764 

•888 

1-80 

•883 

•761 

•876 

•366 

•776 

•911 

1-25 

•871 

•761 

•896 

•898 

•788 

•984 

1-20 

•415 

•778 

•920 

•446 

•802 

•961 

116 

•469 

•788 

•949 

'506 

•818 

•992 

110 

•687 

•806 

•988 

•680 

•838 

1030 

1-05 

•621 

•828 

1024 

•676 

•863 

1076 

1-00 

•782 

•865 

1074 

•800 

•894 

1133 

Bee  the  auziUaiy  tables,  pp.  104, 108,  and  IIL 


ORIFICES,   WEIRS.  PIPES,  AND  RIVERS. 
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TABLE  r.—OoqgUAtnU  qf  Diadiaryt  for  d^femi  Baiiot  <tf  iks  Chamna  io  the 
Ori/Kee.— CoeAcionti  for  heads  in  still  water  ^^  ss  '7071  and  1.  Bee  equa- 
tions (44)  and  (44a)  and  the  observations  thereon  at  pp.  98  and  99. 


• 

Coefficient  -707  for  heads  in 
Stillwater. 

Coefficient  1*000  for  heads  in  still 
water,  and  multipliers  of  c^  in  equa- 

Ratio 

of  the 

'hannol 

tions  (45a)  and  (4«o),  ^ 

irhich  see. 

Ratio  of 

Coefficients 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

to  the 

the  height 

for  orifices: 

for  weirs : 

the  height 

for  orifices: 

for  weirs : 

orifice 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

^**  AAAWV  ■ 

Velocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approach 
to  the  head. 

to  the 

theiVm 

approach 

to  the 

thefuU 

centres. 

depth. 

to  the^ead 

centres. 

depth. 

30- 

•001 

•707 

•708 

•001 

1-001 

1002 

20- 

•001 

•708 

•708 

•003 

1001 

1-004 

15- 

•001 

•708 

•709 

•005 

1-002 

1-006 

lo- 

•005 

•709 

•712 

•010 

1-005 

1014 

g- 

•006 

•709 

•713 

•013 

1006 

1017 

s' 

•008 

•710 

•714 

•016 

1008 

1021 

7- 

•010 

•711 

•717 

•021 

1010 

1028 

6- 

•014 

712 

•721 

•029 

1014 

1088 

5-5 

•017 

718 

•723 

•034 

1017 

1045 

5-0 

•020 

714 

•727 

•041 

1-021 

1066 

4-5 

•025 

•716 

•731 

•052 

1026 

1-067 

4-0 

•082 

•718 

•737 

•067 

1-088 

1-084 

3-76 

•037 

■720 

•742 

•077 

1088 

1-096 

3-50 

•048 

•722 

•747 

•089 

1044 

1110 

3-25 

•050 

■724 

•763 

•105 

1-051 

1-127 

3  00 

•069 

■728 

•760 

•125 

1-061 

1-149 

2-75 

•071 

•732 

•770 

•152 

1078 

1-178 

2-50 

•087 

•737 

•788 

•190 

1091 

1-216 

2-25 

•110 

■745 

•801 

•246 

1116 

1^269 

2-00 

•148 

•766 

•826 

•383 

1156 

1847 

1-95 

•151 

•759 

•832 

•356 

1-166 

1-867 

1-90 

•161 

•762 

•839 

•383 

1176 

1389 

1-85 

•171 

•765 

•846 

•412 

1188 

1413 

1-80 

•182 

•769 

•854 

•446 

1-203 

1441 

1-75 

•195 

•773 

•868 

•484 

1-218 

1-471 

1-70 

•209 

•778 

•873 

•529 

1-287 

1-606 

1-65 

•225 

•783 

•883 

•679 

1267 

1*548 

1-60 

•243 

•788 

'895 

•641 

1281 

1-589 

1-55 

•263 

■795 

•908 

•711 

1-308 

1-638 

1-50 

•286 

■802 

•923 

•800 

1842 

1699 

1-45 

-312 

■810 

•939 

•908 

1379 

r767 

1-40 

•342 

■819 

•958 

1042 

1-429 

1-854 

1-35 

•378 

■880 

•980 

1216 

1-489 

1-958 

130 

•421 

■842 

1003 

1*449 

1-665 

2-088 

1-25 

•471 

■857 

1088 

1778 

1-667 

2-259 

1-20 

•582 

875 

1066 

2-278 

1-810 

2-499 

115 

•608 

■897 

1-107 

8-100 

2-025 

2-844 

110 

•704 

923 

1165 

4-762 

2-400 

8-440 

1-05 

•830 

967 

1-216 

9-756 

3-280 

4-803 

100 

1000 

1000 

1-293 

infinite. 

infinite. 

infinite. 

See  the  anzillavy  table,  p.  Ill,  also  pp.  112,  113. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  VL—Ths  Biaduunt  over  Wmn  or  KobAm  if  om  foot  m  lemylk^  w  CvUr 
feH  per  aumife.— Depths  \  inch  to  10  inches.  Obkatbr  coMticmrrs  667 
to  in.— The  FvrmuUM  at  tt«  k»ad»  if  the  Celmmmt  aim  tka  Valm  ^  the 
DimAarga,  D,  m  OMe  fttA  far  srimiv,  mkn.  2,  ika  lattgtk  if  *ka  Warn',  it  taken 

imfaet,a$tHkekead»k,mmdiet.     ^br  I  ^  we  mag  ealetiimte  I  h^Hi,  reiainuif 
ikeeam     '     '     ' 


Heads 

In 

Theoretical 

Coefficient 

Ooeffident 

Coefficient 

Coefficient  ,Coefflcient| 

dlacharge, 

•667. 

■65a 

-639. 

t{28. 

•617. 

Inches. 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

7-72  I V  k*. 

5 15  i>/k: 

6-02  «V*». 

4-9S  1  Va». 

4-85  «Va». 

4-76  I  VT?. 

'25 

•965 

•644 

•627 

-617 

-606 

•596 

•6 

2-780 

1-821 

1-775 

1-744 

1714 

1-684 

•76 

5-016 

8-345 

3-260 

3-206 

3150 

3-095 

1- 

7-722 

5-151 

5-019 

4-934 

4-849 

4-764 

1-25 

10-792 

7-198 

7-015 

6-896 

6-777 

6-659 

1-5 

14-186 

9-462 

9-221 

9-065 

8-909 

8-753 

1-75 

17-877 

11-924 

11-620 

11-423 

11*227 

11-030 

2- 

21  -842 

14-569 

14-197 

18-957 

13717 

13-477 

2-25 

26-062 

17-888 

16-940 

16-654 

16-367 

16-080 

2-5 

30-524 

20-860 

19-841 

19-505 

19169 

18-833 

2-76 

85-215 

28-489 

22-890 

22-503 

22-115 

21728 

8- 

40  125 

26-768 

26-081 

25-640 

25-199 

24767 

8-25 

45-244 

30-178 

29-408 

28-911 

28-413 

27-915 

3-6 

50-563 

33-726 

32-866 

32-310 

81  -754 

31  -197 

876 

66-077 

87-408 

86-450 

85-833 

35-216 

34-599 

4- 

61-777 

41-205 

40-155 

39-476 

38-796 

38-116 

4-26 

67-658 

45-128 

48-978 

43-233 

42-489 

41-745 

4-5 

73-714 

49-167 

47-914 

47-103 

46-292 

45-482 

4-76 

79-942 

63-321 

51-962 

51  -088 

50-208 

49  324 

6- 

86-885 

57-585 

56-118 

65  168 

64-218 

53  269 

6*25 

92-891 

61-958 

60-879 

69-867 

58 -336 

57-314 

6-5 

99-604 

66-486 

64748 

63-647 

62-561 

61  466 

576 

106-472 

71-017 

69-207 

68-036 

66-864 

65-693 

6- 

118-491 

75-698 

78-769 

72-621 

71-272 

70-024 

6-26 

120-657 

80-478 

78-427 

77-100 

75772 

74-445 

6-6 

127-969 

85-355 

83-180 

81 772 

80-365 

78-957 

676 

135-422 

90-326 

88-024 

86-535 

85-046 

83-555 

7- 

143-015 

95-891 

92-960 

91  -387 

89-818 

88-240 

7-26 

150-744 

100-546 

97-988 

96-326 

94-667 

93-009 

7-5 

158-608 

105-792 

108-095 

101-350 

99-606 

97-861 

7  75 

166-604 

111-125 

108-292 

106-460 

104-627 

102-795 

8- 

174-731 

116-546 

118-575 

111-653 

109-781 

107-809 

8-25 

182-984 

122-051 

118-940 

116-927 

114-914 

112-901 

8-5 

191  -365 

127-640 

124-387 

122-282 

120-177 

118  072 

876 

199-869 

133-313 

129-915 

127-716 

125-618 

123-319 

9- 

208-496 

139-067 

135-522 

133-229 

130-935 

128-642 

9-26 

217-243 

144-901 

141-207 

138-818 

136-428 

134-039 

9-5 

226-111 

150-816 

146-972 

144-485 

141-997 

139-610 

975 

235-093 

156-807 

152-810 

150-225 

147-639 

146-063 

10- 

244  198 

162-877 

158-726 

156-089 

168-353 

150-666 

Bee  pp.  114  to  ISS. 


OBIFICBS,    WBIB8,  PIPB8,  AND  RIVERS. 
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TABLB  VJ.^Tke  DiMduuyeovtrWeinoriroieket  (^^  om /oo<  in  toy^A,  j»  Cubic 

f«et  ptr  wMwitf.— Depths  10*25  inches  to  32  Inches.    Orsateb  oosmciENTS 

;667  to  -Wt.—Tk*  FkfrmUm  at  iks  kmida  if  the  Colmmtu  aim  the  Val^  rf  iks 

Di»ehaty,  D,  m  Cubic  feel  ptr  minuU,  when  I,  tkt  length  qf  the  Weir,  i§  iakem 

infeei,amdtkehead,h,i»iMcke».'  JP\ar  I  ^  we  WMg  eubdiiuU  I  W\  retaimiig 
ike  eame  $iandard$. 


TT^^  J^ 

Theoretical 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Heads 

dischanre. 

•M7. 

■650. 

'639. 

-628. 

•617. 

in 

D  = 

D  = 

D  = 

D  = 

D=: 

D  = 

inches. 

772  I  V^. 

515  I  Vp. 

6t»<VXi. 

4-98  I  "s/kK 

4-85  I  v^*» 

476lVr» 

10-25 

268-407 

169-023 

164-715 

161  -927 

159-140 

166-852 

10-5 

262-784 

175-244 

170-777 

167-887 

164-997 

162-107 

1076 

272-178 

181-450 

176-918 

173-919 

170-926 

167*931 

11- 

281  -723 

187-909 

188-120 

180021 

176-922 

173-828 

11-26 

291  -882 

194-862 

189-398 

186-193 

182-988 

179782 

11-6 

801  148 

200-866 

195-746 

192-434 

189-121 

185-808 

11-76 

811-024 

207-451 

202-164 

198743 

196-321 

191-900 

12- 

321- 

214-107 

208-650 

206-119 

201-588 

198-057 

12-6 

841  -276 

227-628 

221-826 

218-072 

214-318 

210-664 

IS- 

861 -950 

241-421 

236-268 

231-286 

227-805 

223-328 

IS -5 

888-081 

266-482 

248-970 

244-757 

240-548 

286-880 

14- 

404-507 

269-806 

262-930 

258-480 

264-030 

249-681 

14-5 

426-868 

284-887 

277-139 

272-449 

267759 

268-069 

16- 

448-611 

299-228 

291-697 

286-662 

281728 

276-798 

16-5 

471-228 

814-809 

806-298 

301-116 

295-981 

290748 

16- 

494-212 

329-689 

821-288 

316-801 

810-366 

804-929 

16-5 

617-658 

346-211 

886-418 

830720 

826-026 

819-338 

17- 

641-261 

861  -021 

851-820 

845-866 

889-912 

333-958 

17-5 

665-815 

877-066 

367-455 

861  -236 

866-018 

348-799 

IS- 

689-715 

893-840 

883-315 

376-828 

870-841 

363-864 

IS -6 

614448 

409-838 

399-388 

392-629 

885-870 

379-111 

19- 

689-688 

426-669 

416-696 

408-662 

401-627 

894-692 

19-6 

664-944 

448-618 

482-214 

424-899 

417-585 

410-270 

20- 

690-682 

460-686 

448-948 

441  -846 

488-748 

426-151 

20-6 

716-787 

478-064 

466-879 

457-996 

460-111 

442-227 

21- 

748-126 

495-664 

488-081 

474-857 

466-688 

468-608 

21-6 

769-828 

618-472 

600-385 

491-917 

488-449 

474-981 

22- 

796-882 

581-487 

517-941 

609-176 

500-410 

491*645 

22-5 

824-161 

649-709 

636-698 

626-632 

617-667 

508*501 

28- 

861-776 

668-184 

568-664 

644-284 

634*916 

626-646 

23-6 

879-700 

686-760 

671-806 

562-128 

552 -452 

642776 

24- 

907-925 

605-686 

590-161 

580  164 

670  177 

660  190 

25- 

965-268 

648-824 

627-414 

616-797 

606-179 

695-561 

26- 

1028-748 

682-840 

666-486 

664  175 

642-914 

681-663 

27- 

1088-876 

722-611 

704-194 

692-277 

680-860 

668-442 

2S- 

1144-116 

768-126 

748-675 

731-090 

718-506 

706-920 

29- 

1205-950 

804-869 

783-868 

770-602 

767-887 

744*071 

80- 

1268-864 

846-882 

824762 

810-804 

796-847 

782-889 

81- 

1832883 

889-000 

866-841 

851-680 

887-019 

822*358 

82- 

1897*842 

932-861 

908-597 

898*221 

877*846 

862*469 

8«  pp.  114  to  183. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  VI.— The  Diaekant  over  Wlrin  or  ITeiektt  ^  om  foot «»  lomfftk,  in  Cuhir 
feet  per  Miirafe.— Depths  ^  inch  to  10  inches.  Obkatbr  ooimcisHTS  -(i(>7 
to  tn.—The  Formula  at  tke  keodt  if  the  CoUmme  awe  the  Value  qf  the 
Diediar^  D,  te  Cubic  feet  per  mimute,  when  2,  the  length  qf  the  Weir,  w  taken 

iMfeet,andihehead»h,inmekee.     JPorl^wemageubetiiuUlh^^retainUig 
the  aame  etamdarde. 


HomU 

in 
Inches. 

Theoretical 

Coefficient 

Coefficient 

Coefficient 

Coefficient  Coefficient 

diflchiurge, 

•667. 

-660. 

-6S0. 

628. 

•617. 

D  = 

7-72  I  >/  h*. 

D  = 

D  = 

6"02iVl?r 

D  = 

4-93  I  >/k*. 

D  = 

4-85  iV4« 

D  = 

4-76  I  V^. 

•26 

965 

•644 

-627 

*617 

•606 

696 

•6 

2-730 

1-821 

1-775 

1-744 

1-714 

1-684 

•75 

6-016 

8-345 

8*260 

8-205 

8-160 

8-095 

1- 

7-722 

5*161 

5-019 

4-984 

4*849 

4*764 

1-26 

10*792 

7-198 

7*015 

6-896 

6-777 

6*659 

1-5 

14  186 

9*462 

9-221 

9-065 

8-909 

8-768 

1-75 

17-877 

11*924 

11-620 

11-428 

11-227 

11*030 

2- 

21  -842 

14*669 

14-197 

18*967 

18-717 

18-477 

2-25 

26*062 

17-888 

16-940 

16-654 

16-367 

16-080 

2-6 

80-524 

20-860 

19*841 

19*505 

19-169 

18-833 

2-76 

85*215 

23-489 

22*890 

22*503 

22-115 

21-728 

8- 

40*125 

26-768 

26*081 

26*640 

25-199 

24-757 

8-25 

46*244 

80-178 

29*408 

28*911 

28*413 

27*915 

3-6 

60*563 

88-726 

32*866 

82*810 

81  -754 

81  197 

8-76 

56*077 

87-408 

86*450 

85*883 

86-216 

34*599 

4- 

61*777 

41-205 

40*155 

89*476 

88-796 

88*116 

4-25 

67*658 

46-128 

43*978 

48*233 

42-489 

41*745 

4-5 

73*714 

49-167 

47*914 

47*103 

46*292 

45-482 

4-76 

79*942 

63-821 

61*962 

61-088 

60*203 

49*324 

6- 

86  •385 

67-585 

66-118 

65-168 

64*218 

58*269 

5-25 

92*891 

61-958 

60*879 

69-357 

68-885 

67-314 

5*6 

99*604 

66*486 

64*748 

68-647 

62*651 

61-466 

5-76 

106*472 

71-017 

69*207 

68*036 

66*864 

65*698 

6- 

113-491 

75-698 

73*769 

72*621 

71-272 

70*024 

6-26 

120*667 

80-478 

78*427 

77  100 

75*772 

74*445 

6-6 

127*969 

85-355 

83*180 

81  -772 

80*866 

78-957 

6-76 

135-422 

90*826 

88*024 

86*586 

85*045 

88  •566 

7- 

148  015 

95-391 

92*960 

91*887 

89*818 

88-240 

7-25 

150*744 

100*546 

97*983 

96*326 

94-667 

98  009 

7-6 

158*608 

105-792 

108-096 

101*850 

99*606 

97-861 

7^75 

166*604 

111-125 

108*292 

106*460 

104-627 

102-795 

8- 

174-731 

116-646 

113-676 

111*658 

109-781 

107*809 

8-25 

182*984 

122-051 

118-940 

116*927 

114*914 

112-901 

8-6 

191*365 

127-640 

124-387 

122-282 

120*177 

118-072 

8-75 

199*869 

183-313 

129*916 

127*716 

126*618 

123-819 

9- 

208*496 

189-067 

186-522 

183*229 

130  •936 

128*642 

9-26 

217*243 

144-901 

141  -207 

188*818 

136*428 

134-089 

9-6 

226*111 

160*816 

146-972 

144*486 

141-997 

139-510 

9-76 

235-098 

166*807 

152*810 

160*225 

147-639 

145  053 

10- 

244  198 

162-877 

168*726 

166-039 

168*868 

150-666 

Bee  pp.  114  to  188. 


ORIFICES,    WBIUS,  PIPES,  AND  RIVERS, 
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TABLE  ri.—Tke  Duekaryeowr  Wein  or  N«idke$  qf  one  foot  i»  length,  m  CMe 

ftet  por  ««iN(<e.— Depths  lO-SS  inches  to  SS  Inches.    Orbatxb  ooxmcxxMTS 

;667  to  -tn.—The  Formmlm  at  ike  koadt  qf  the  Column*  awe  the  Value  of  ike 

Dieehatye,  D,  in  Cubic  feet  per  miuuU,  ^ken  I,  tke  lengik  <f  tke  Weir,  ie  taken 

inf0et,amdtkekead,h,iniMeke$.'  JPbr  I  ^  we  www  eubtHtute  I  k^^L  retaining 
tke  $ame  etandarde. 


^T«.  J— . 

Theoretical 

Goefflcient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Heads 

M 

dischawe. 

•667. 

•660. 

'639. 

-688. 

•617. 

in 

D  = 

D  = 

D  = 

D  = 

D  = 

D=i 

Inches. 

772  I  V^. 

615  1  Vp. 

6-02  J  VT>. 

i-W  I  ^» 

4-85  I  Vj^. 

476*^. 

10-26 

263-407 

169-023 

164715 

161*927 

169-140 

156-352 

10-5 

262-734 

176-244 

170-777 

167*887 

164*997 

162-107 

1076 

272  178 

181-450 

176-913 

178*919 

170-925 

167-931 

11* 

281-723 

187-909 

188-120 

180-021 

176-922 

173-828 

11-26 

291-382 

194-362 

189*398 

186  193 

182-988 

179782 

11-6 

301-148 

200-866 

195746 

192-434 

189  121 

186-808 

11-76 

811-024 

207*451 

202*164 

198-743 

196-821 

191-900 

12- 

321- 

214*107 

208-650 

206*119 

201*588 

198  067 

12-6 

341  -276 

227-628 

221-826 

218*072 

214-318 

210-664 

13- 

361-960 

241-421 

236-268 

231  -286 

227*305 

223-323 

13-5 

383  031 

265-482 

248-970 

244-767 

240*543 

236-330 

14- 

404*607 

269-806 

262*930 

268-480 

254-030 

249-581 

14-5 

426*368 

284-387 

277*139 

272*449 

267-769 

263-069 

16- 

448-611 

299-223 

291  -697 

286-662 

281728 

276-793 

15-6 

471*228 

314-309 

806*298 

301-116 

296-931 

290748 

16- 

494-212 

329-639 

821*238 

316-801 

310-365 

304*929 

16-5 

517*668 

346-211 

836*413 

330720 

325-026 

319-338 

17- 

641  -261 

361  021 

351*820 

345-866 

339-912 

333-958 

17-6 

666*315 

377-066 

367-465 

361  -236 

366-018 

348-799 

IS- 

689-716 

393-340 

883*315 

376-828 

370-341 

863*854 

IS -6 

614^143 

409-838 

399-388 

392*629 

386*870 

379*111 

19- 

639-633 

426*669 

415*696 

408*662 

401-627 

894*592 

19-6 

664-944 

448*618 

432*214 

424*899 

417*686 

410*270 

20- 

690-682 

460-685 

448*948 

441  -346 

438-748 

426*151 

20-6 

716-737 

478-064 

466  879 

457*995 

460*111 

442*227 

21- 

743-126 

496-664 

488*031 

474-857 

466-683 

458*508 

21-5 

769-828 

613-472 

500*385 

491  917 

483-449 

474*981 

22- 

796*832 

531-487 

517*941 

509*176 

500*410 

491*645 

22-6 

824151 

549*709 

635-698 

526*632 

517*667 

508*601 

23- 

861  -775 

568-134 

568*654 

544*284 

634-916 

525*545 

23-6 

879-700 

586*760 

571*806 

562*128 

552-462 

542776 

24- 

907-926 

606-686 

590  151 

580-164 

670-177 

660  190 

26- 

966-263 

643-824 

627*414 

616-797 

606  179 

695*661 

26- 

1023-748 

682*840 

665*436 

664*175 

642*914 

631-668 

27- 

1083  •376 

722-611 

704*194 

692*277 

680-860 

668-442 

28- 

1144-116 

763-126 

748*675 

731  090 

718-605 

706*920 

29- 

1206-960 

804*869 

783*868 

770*602 

757*887 

744*071 

80- 

1268-864 

846-832 

824*762 

810-804 

796*847 

782*889 

31' 

1332-833 

889-000 

866*841 

861  -680 

837-019 

822-358 

82- 

1397*842 

932-361 

908*597 

898*221 

877*845 

862-469 

See  pp.  114  to  138. 


462 


TEE  DISCHARGE  OF  WATER  FROM 


TABLE  VI.^The  Di$tkane  over  Wrir$  or  Notehm  qf  omtfoot  ui  Zen^  «  OAie 
fttA  per  »M«#«.— DeptLa  88  inches  to  73  inches.  Orsatbr  oosmcmTs 
-667  to  -617.-2^  Jbnmite  e*  ike  heada  ef  ike  Oobmuu  gkoe  ike  Valme  iff  ike 
DieOutrpe,  D,  m  Onbie  feet  per  mimmte,  «i£m  {,  tke  len^  <f  ike  Wmr,  w  taken 
imfeet,andtkekeod,k,imimekee.  Ibrl^  wemagfeubeiiimUlh^retamiM^ 
tke  eawu  etamdarde. 


Heads 

in 
Inches. 


S3 
S4 
85 
36 
37 
88 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
58 
54 
65 
56 
57 
58 
69 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 


Theoretlosl 

dischai^, 

D  = 

7-72  I 'vOP. 


1463-875 

1530-917 

1598-951 

1667-964 

1737-943 

1808-875 

1880-746 

1953-544 

2027-258 

2101-876 

2177-887 

2263 -783 

2331  -052 

2409-183 

2488-170 

2568- 

2648-666 

2780-160 

2812-474 

2895-597 

2979-526 

3064-253 

8149-755 

3236*050 

8828  117 

8410-946 

3499-642 

3588-889 

8678-984 

3769-825 

3861-393 

3958-694 

4046-720 

4140-465 

4284-922 

4330-086 

4425-954 

4522-516 

4619-774 

4717718 


Coeflftdent 
•667. 

D  B 

616  I  Vp. 


976-406 
1021-122 
1066-600 
1112-682 
1159-208 
1206-520 
1254-458 
1303-014 
1362-181 
1401-951 
1452-817 
1503-273 
1564-812 
1606-925 
1659-609 
1712-866 
1766-660 
1821-021 
1875-920 
1931-863 
1987-848 
2043-857 
2100-887 
2158-445 
2216-519 
2275-101 
2834  195 
2398*789 
2453-882 
2614-478 
2675*549 
2637-114 
2699162 
2761-690 
2824-693 
2888-167 
2952111 
8016-618 
8081-389 
3146-718 


Coefficient 
650. 
D  = 

6t«<'^*» 


951-519 
995-096 
1039*818 
1084-177 
1129-668 
1175-769 
1222-486 
1269-804 
1317-718 
1366-219 
1415-802 
1464-959 
1515-184 
1665-969 
1617-811 
1669-200 
1721-683 
1774-604 
1828-108 
1882*138 
1986-691 
1991  '764 
2047-841 
2108-433 
2160-026 
2217115 
2274-702 
2382-778 
2391-340 
2460-886 
2509-905 
2569-901 
2680-868 
2691  -802 
2752-699 
2814-566 
2876-870 
2939-636 
8002 -868 
8066-618 


Coefficient 
'689. 
D  = 


936-416 
978-256 
1021-730 
1065-829 
1110*546 
1156*871 
1201*797 
1248*815 
1296*418 
1848-099 
1391  -850 
1440  167 
1489*642 
1639-468 
1589-941 
1640*952 
1692*498 
1744-572 
1797*171 
1850*286 
1903*916 
1958*058 
2012-693 
2067*836 
2123-472 
2179-594 
2236-207 
2293-800 
2360*871 
2408-918 
2467-480 
2526*410 
2586*854 
2646-767 
2706-115 
2766-925 
2828-185 
2889-888 
2952-086 
3014-622 


Coefficient 

•688. 

D  = 
4-86  /  v'j?. 


919-814 
961-416 
1004-141 
1047-481 
1091  -428 
1135-974 
1181-108 
1226-826 
1278118 
1319-978 
1367-399 
1415*376 
1468-901 
1612-967 
1562-571 
1612-704 
1663-362 
1714-640 
1766-234 
1818-486 
1871-142 
1924-351 
1978-046 
2032-289 
2086-917 
2142*074 
2197*712 
2263*822 
2810-402 
2367-460 
2424-955 
2482-920 
2641  -340 
2600-212 
2659-631 
2719-294 
2779-499 
2840  140 
2901-218 
2962-727 


Coefficient 

•617. 
D  = 

4^76  I  V^i». 


903-211 
944*576 
986-663 
1029*184 
1072*311 
1116*076 
1160*420 
1205-337 
1250-818 
1296-867 
1843-448 
1390*684 
1438*269 
1486-466 
1535-201 
1584-456 
1684-227 
1684-609 
1735-296 
1786-683 
1838-367 
1890-644 
1943-399 
1996*643 
2050-368 
2104-554 
2159-217 
2214*344 
2269-933 
2826*982 
2382-479 
2489-429 
2496-826 
2664-667 
2612-947 
2671  -663 
2730-814 
2790*892 
2860*401 
2910-882 


Bee  pp.  114  to  188. 
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TABLE  n.^The  DitehatM  over  Wein  or  NoUhm  </  on»foot  j»  UngO,  m  Cmbie 
feet  per  aiMitte.— Depthfl  \  tnoh  to  10  Inches.  LsasBB  ooKmoifORS  tM)6 
to  'Si%.^The  EoTwaOm  at  tke  keade  qf  ike  CoUimu  raw  ike  VaUu  <f  iks 
DiedMrge,  D,  t»  Onbiefeei  per  mimmte,  wken  I,  ike  length  <f  ike  Wnr,  \e  taken, 

in  feet,  and  tke  head,  k,imincket,    »»r  I  ^  we  mag  embetitwte  I  h'^k,  retaining 


W             M 

CkMfBdenfc 

Coefficient 

Ooeffident 

Coefficient 

Coefficient 

Coefficient 

Heads 

-006. 

-695. 

'684. 

-fies. 

•540. 

-618. 

in 

D  = 

D  = 

D  = 

Db 

D» 

Ds 

inches. 

4-68  I  vTP. 

4W|Vip. 

4ftl^Vj?. 

4-84  Iv^iP. 

417  1 VA 

4I'/1«. 

•26 

•686 

•674 

•664 

-642 

•621 

•600 

•6 

1-664 

1-624 

1-604 

1*684 

1*474 

1-414 

•76 

3089 

2-986 

2*929 

2-819 

2-708 

2-698 

!• 

4-680 

4-696 

4-610 

4-340 

4170 

4-000 

1-25 

6-640 

6421 

6-803 

6-066 

6*828 

6-690 

16 

8-697 

8-441 

8-284 

7-978 

7-660 

7-348 

1-76 

10-838 

10-637 

10-440 

10*047 

9*663 

9-260 

2- 

13-236 

12-996 

12-766 

12*276 

11-796 

11-314 

2-26 

16-794 

16-607 

16-220 

14*647 

14-073 

13-600 

2-6 

18-498 

18-162 

17-826 

17*166 

16-483 

16-811 

2-76 

21840 

20-963 

20-666 

19*791 

19016 

18-241 

8^ 

24-816 

23874 

23*433 

22*660 

21-668 

20-786 

8-26 

27-418 

26920 

26-422 

26*427 

24-432 

23-436 

8  6 

30-641 

30-086 

29*629 

28-416 

27-304 

26  192 

8-76 

33-982 

38-366 

82*749 

81  -616 

30-281 

29-048 

4- 

87-487 

86-767 

86*078 

34-719 

88-360 

32-000 

426 

41-001 

40-266 

89*612 

38-024 

86-685 

85  047 

4-6 

44-671 

43-860 

43-049 

41-427 

39-806 

88-184 

475 

48-446 

47-666 

46-686 

44-927 

43-169 

41  -410 

6- 

62-319 

61-369 

60-420 

48*620 

46-621 

44-722 

6  26 

66-292 

66-270 

64-248 

62-206 

60-161 

48-117 

6-6 

60-360 

69-264 

68-169 

66-977 

63-786 

61  -696 

6-76 

64-622 

63-361 

62-180 

69-837 

67-496 

66-153 

6- 

68-776 

67-627 

66*279 

63-782 

61285 

68-788 

6-26 

73-118 

71-791 

70*464 

67-809 

66-166 

62-500 

6-6 

77-649 

76  142 

74*784 

71-919 

69-108 

66-288 

6-76 

82-066 

80676 

79-086 

76  107 

78128 

70-149 

7- 

86-667 

86-094 

88-521 

80-374 

77-228 

74-082 

7-26 

91-361 

89*693 

88-084 

84-718 

81-402 

78  086 

7-6 

96116 

94-372 

92-627 

89-138 

86-648 

82-169 

7-76 

100-962 

99-129 

97-297 

93-681 

89-966 

86-301 

s- 

106-887 

103-966 

102048 

98  199 

94-866 

90-611 

8-26 

110-889 

108-876 

106*863 

102-837 

98*812 

94-786 

8-6 

116-967 

113-862 

111-767 

107-647 

108-337 

99-127 

8-76 

121-121 

118-922 

116-728 

112-326 

107-929 

103-632 

9^ 

126-349 

124065 

121-762 

117*176 

112-688 

108-001 

926 

131-649 

129-269 

126*870 

122-090 

117-811 

112-682 

96 

137-023 

134-636 

182048 

127-074 

122100 

117-125 

9-76 

142-467 

189-881 

187-294 

132*122 

126960 

121-778 

10- 

147-991 

146*296 

142*609 

137*237 

181  864 

126492 

Bee  pp.  114  to  138. 
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THB  DISCHAmE  OF  WATER  FROM 


TABLE  VL-^The  Ditekane  over  Wein  or  JMekn  qf^  ons  foot  im  Unglk  w  €hAic 
/ed  Mr  flNiiKte.— Depths  lOitS  inches  to  32  inches.  Lnant  ooETFicmm 
1606  to  -61&— 2^  Formtdm  at  ths  headt  <{f  the  Colmmm  give  the  Valme  ^  tie 
Dieehaeye,  A  «»  CtMe  feet  per  mmUe,  foken  I,  the  length  qf  the  Weir,  ie  tolmi 

imfeet,  ea»d  the  head,  h,  im  imehee,    .Fbr  I V^  we  mag  eubetitmie  I  h  '^h,  reUMmmg 
the  eame  etandarde. 


CkMAdent 

Ooeffideiit 

Coefficient 

Coefficient 

Coefficient 

1 

Coefficient 

Heads 

•606. 

•695. 

•684. 

-562. 

•540. 

•518. 

in 

D  = 

D  = 

D  = 

D=: 

D« 

D  = 

inches. 

4  68lViki. 

4-69  zVJi. 

4-61 1  vT». 

4-34  I  V^. 

417«VAi. 

4|Vp. 

10-26 

163-565 

150-777 

147*990 

142*416 

136-840 

131-265 

10-5 

169-217 

156-327 

158*437 

147*667 

141-876 

136  096 

10-75 

164-987 

161-948 

158*949 

162*961 

146-974 

140-986 

11- 

170-724 

167-626 

164-526 

158-828 

162-130 

145-988 

11-26 

176-677 

173-372 

170-167 

163*756 

157-346 

150-936 

11-6 

182*496 

179188 

176-870 

169-245 

162*620 

155-996 

11-76 

18S-479 

186*059 

181-636 

174*794 

167-962 

161*109 

12- 

194-626 

190-995 

187*464 

180*402 

173-840 

166-278 

12-6 

206 -SIO 

203-066 

199*302 

191*794 

184-286 

176*778 

18- 

219-842 

215-860 

211*879 

203*415 

195-453 

187-490 

13-6 

232117 

227-908 

228*690 

215-268 

206-837 

198-410 

14- 

245-181 

240-682 

286*232 

227  •883 

218-434 

209  ^SS 

14-5 

268-379 

253-689 

248*999 

239-619 

230-289 

220*859 

16- 

271-858 

266-924 

261-989 

252-119 

242-260 

232-380 

15-5 

285-664 

280-881 

276-197 

264*880 

264 -468 

244  096 

16- 

299-492 

294  066 

288-620 

277*747 

266-876 

256-001 

16-6 

813-640 

807*947 

802-263 

290-868 

279-481 

268  095 

17- 

328-004 

822-050 

816-096 

804*189 

292*281 

280-373 

17-5 

342-681 

336-862 

330  144 

317*707 

806-270 

292-883 

IS- 

357-867 

350-880 

344-894 

881*420 

318-446 

305-472 

IS -5 

372-852 

365-694 

368-885 

845*317 

331  -799 

318-241 

19- 

387-667 

380-622 

373-487 

859-418 

345-348 

331-278 

19-6 

402-956 

395*642 

388-827 

373699 

369070 

344-441 

20- 

418  •558 

410*959 

403-368 

388*168 

872*968 

357*778 

20-5 

434-848 

426-468 

418-674 

402*806 

387*088 

371*270 

21- 

450-384 

442-159 

483-986 

417*636 

401  -288 

384*989 

21-5 

466-518 

468*046 

449-577 

482-641 

415-704 

898*768 

22- 

482-880 

474*115 

465-350 

447-819 

480*289 

412-759 

22-5 

499-436 

490-870 

481-804 

468-178 

445-042 

426-910 

28- 

517176 

606-806 

497*487 

478-698 

459-959 

441-219 

28-5 

638  098 

623-421 

618*745 

494-391 

475  088 

465-685 

24- 

560*208 

640-216 

680*228 

510*264 

490-280 

470-806 

25- 

684-948 

674-826 

663-708 

542*472 

621-287 

500*001 

26- 

620*391 

609-130 

697*869 

576-846 

652-824 

530-801 

27- 

666-626 

644*608 

632-691 

608*867 

586  023 

561*188 

28- 

693-884 

680*749 

668-164 

642-993 

617-823 

692*662 

29- 

780  806 

717*540 

704*275 

677-744 

661-218 

624*682 

SC- 

768-982 

754*974 

741*017 

713102 

686-187 

657*272 

SI- 

807-697 

793*036 

778*374 

749*052 

719-730 

690*407 

82' 

847*092 

831*716 

816*340 

786*687    754*886 

724-082 

See  ftp.  114  to  18S. 
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TABLE  ri.—Tke  Dueharge  over  Wein  or  Notehu  qf  one  foot  m  lewtky  m  CtOne 
feet  per  mtiiwfe.— Depths  S3  inchei)  to  72  Inches.  Lkssbr  CosFriotBim 
'606  lo  518.— 3^  Formula  at  the  keade  qf  the  Columne  gvee  the  Valine  of 
fke  Dieeharge,  D,  in  Cubic  feet  per  mtmOe,  wA«a  ^  the  length  qf  the  Weir,%M 

taken  m  feet,  and  the  head,  h,  in  indkee.    Jbr  I  V^s  we  may  eithetitute  Ih^h, 
retaining  the  eame  etandarde. 


Heads 

In 
inches. 


88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
55 
56 
57 
58 
59 
60 
61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 
72 


CoefBcient 
•606. 
D  = 

4-68  I  vl». 


887 -108 
927-786 
968-964 
1010-786 
1053*193 
1096-178 
1189-732 
1188-848 
1228-518 
1278-787 
1819-497 
1365-792 
1412-618 
1459-965 
1507-881 
1556-208 
1605-092 
1654-477 
1704-859 
1754-782 
1805-592 
1856-987 
1908-751 
1961-046 
2018*809 
2067-038 
2120-722 
2174-867 
2229-464 
2284*514 
2340-004 
2895*989 
2452-812 
2509-122 
2566-868 
2624*082 
2682-128 
2740-645 
2799-588 
2858*987 


Coel&dent 
*595. 
D  = 

4-69  I V^. 


871  006 
910-896 
951  -876 
992*489 
1034*076 
1076-281 
1119-044 
1162*359 
1206*219 
1250*616 
1295*545 
1341*001 
1886-976 
1488-464 
1480-461 
1527*960 
1575*956 
1624*445 
1678-422 
1722*880 
1772-817 
1828-281 
1874*104 
1925*450 
1977-255 
2029*518 
2082-227 
2185*889 
2188*995 
2243-046 
2297*529 
2352*448 
2407*798 
2468*577 
2519*779 
2576*401 
2683*443 
2690*897 
2748*766 
2807-042 


Coefficient 

-584. 

D  = 
4-61 1  VTp. 


854-908 
894*056 
933*787 
974*091 
1014-959 
1056*888 
1098*356 
1140*870 
1188*919 
1227*496 
1271*594 
1316*209 
1361-884 
1406-968 
1458-091 
1499-712 
1546-821 
1594-418 
1642-485 
1691  -029 
1740-043 
1789-524 
1889-457 
1889-858 
1940-700 
1991-992 
2048-788 
2095-911 
2148*527 
2201  578 
2255*054 
2808*957 
2363-284 
2418*082 
2478-194 
2528-770 
2584*757 
2641-149 
2697-948 
2765  147 


Coefficient 

'662. 

B  = 

4-84  I  VT». 


822*698 
860  375 
898 '610 
987 -396 
976*724 
1016*588 
1056*979 
1097*892 
1189*319 
1181*254 
1223*691 
1266*626 
1310*061 
1853*961 
1398*352 
1448*216 
1488*650 
1534*350 
1580-610 
1627*826 
1674*493 
1722*110 
1770*162 
1818*660 
1867*592 
1916-952 
1966-743 
2016*956 
2067*589 
2118*642 
2170*108 
2221  976 
2274-257 
2326*941 
2380-026 
2433-508 
2487-386 
2541  -654 
2596*813 
2651-858 


Coefficient 
-640. 
D  = 

4-17  I  ^]P. 


Coefficient 

•518 

0  = 

4ZVT« 


790-498 
826*695 
863*434 
900-701 
938*489 
976-793 
1015*608 
1054-914 
1094*719 
1135*013 
1175-789 
1217-043 
1258*768 
1300*959 
1343*612 
1386*720 
1430*280 
1474*286 
1518*736 
1563*622 
1608*944 
1654*697 
1700*868 
1747*467 
1794*488 
1841*911 
1889*753 
1988*000 
1986*661 
2085*706 
2085-152 
2134*995 
2185*229 
2235*851 
2286*858 
2388*246 
2390*015 
2442*159 
2494^78 
2547-568 


758-287 
793*015 
828*257 
864*005 
900*254 
936-997 
974-226 
1011*936 
1050*120 
1088*772 
1127-886 
1167-460 
1207*485 
1247*957 
1288*872 
1330*224 
1372-009 
1414-223 
1456-862 
1499*919 
1543*394 
1587*283 
1631*573 
1676-274 
1721-875 
1766*870 
1812*763 
1859*045 
1905*714 
1952*769 
2000*202 
2048*018 
2096*201 
2144*761 
2198*690 
2242*985 
2292-644 
2842-663 
2393*043 
2448-778 


See  pp.  114  to  18S. 
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THE  DISCS ARQE  OF  WATER  FROM 


TABLE  Vn.—ForJl%iing  ike  Mean  VeloeUp  fnm  ikt  Maximum  TeUeitjf  at  U^ 
Suffaee,  in  Mill  Baeee,  Streama,  and  Bunere  with  mntform  Channglej  and  ike 
Maxi$num  VelocUyfrom  the  Mean  Veloeiijf. 

For  tbe  Velocity  in  feet  per  minute,  mtiltiply  by  6. 


a*5 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

SO 

81 

82 

88 

84 

85 

36 

37 

38 

39 

40 


•84 

1-67 

2-51 

8*34 

4*18 

6  01 

5*85 

6-68 

7-52 

8-35 

919 

10-02 

10-86 

11-69 

12-53 

13-86 

14-20 

16  03 

15-87 

16-70 

17-54 

18-37 

19-21 

20-04 

20-88 

21-71 

22-66 

23-38 

24-22 

26-05 

25-89 

26-72 

27-56 

28-39 

29-23 

80-06 

80-90 

3173 

32-57 

33-40 


•75 

1-51 

2-27 

8-04 

3-81 

4-58 

6-86 

6-14 

6-92 

7-71 

8-50 

9-29 

10-09 

10-88 

11-69 

12-49 

13-30 

14-11 

14-92 

16  73 
16-56 

17  87 
18-19 
19-02 
19-85 
20-68 
21-51 
22-34 
2318 
24-02 
24-86 
25-70 
26-54 
27-39 
28-24 
29  09 
29-94 
30-79 
31-65 
32-51 


^fl-d 


41 

42 
43 
44 
45 
46 
47 
48 
49 
60 
61 
62 
53 
54 
65 
56 
57 
68 
59 
60 
61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 
72 
78 
74 
75 
76 
77 
78 
79 
80 


84-24 
85-07 
36-91 
86  74 
87-68 

38  ^41 

39  25 
40^08 
40-92 
41-75 
42-59 
43-42 
44-26 
45-09 
45-93 
46-76 
47-60 
48-43 
49-27 
60-10 
50-94 
51-77 
52-61 
58-44 
64-28 
55-11 
55-95 
56-78 
57-62 
58-45 
59-29 
6012 
60-96 
61-79 
62-68 
68-46 
64-80 
65-18 
65-97 
66-80 


88-87 
84-23 
35-09 
85-95 
36-82 
37-69 
88-56 
39-43 
40-80 
41-17 
42-05 
42-92 
48*80 
44-68 
45-56 
46-44 
47-32 
48-21 
49-09 
49-98 
50-87 
5176 
52-65 
53-54 
54-43 
55-83 
56-22 
57-12 
58-02 
68-91 
59-81 
60-71 
61-61 
62-52 
68-42 
64-32 
65-23 
66*13 
67-04 
67*95 


Ill 

in 


81 

82 

83 

84 

86 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

118 

114 

115 

116 

117 

118 

119 

120 


& 


111 


67-64 
68*47 
69-31 
7014 
70*98 
71-81 
72-65 
73-48 
74-32 
76-16 
76-99 
76-82 
77-66 
78-49 
79-33 
80-16 
81-00 
81-83 
82-67 
83-50 
84-34 
85-17 
86-01 
86-84 
87-68 
88-51 
89*35 
90-18 
91-02 
91-85 
92-69 
93-52 
94-36 
95-19 
96-03 
96-86 
97-70 
98-53 
99-37 
100-20 


68*86 
69*77 
70-68 
71*69 
72*50 
78*42 
74*33 
75-24 
76-16 
77-08 
77-99 
78*91 
79  ^88 
80-75 
81-67 
82-59 
88-51 
84-43 
85-36 
86-28 
87-20 
88-13 
89  06 
89-98 
90-91 
91-84 
9277 
98-69 
94-62 
95-66 
96-49 
97-42 
98-85 
99-28 
100-21 
101-15 
102-08 
103-02 
108-95 
104-89 


See  pp.  188  to  191. 
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TABLE  riIT.--ForJindiM  fhe  Mean  Vtloeiiiet  qf  Water JUming  w  Pipet,  Draibu, 
Stfeamt,  and  JUven.—vor  a  full  cylindrical  pipe,  diyide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 

JHametenqfpipea\iHehto2inekm.    PMtpermiUliMek  to  12  feet. 


Falls  per  mile  in  feet  and 

mches,  and  the 

hydraulic  incUnations. 

"Hydraulic  mean  depths,"  or  " mean  radii," 
and  Tolocitiea  in  inches  per  aeoond. 

Fallfl. 

Indinatlona 
one  in 

ft  inch. 

1  inch. 

{inch. 

finch. 

iinch. 

F.     L 
0     1 

63360 

•14 

•24 

•38 

•49 

•57 

0     2 

31680 

•22 

•37 

•59 

•76 

•90 

0    8 

21120 

•28 

•48 

•75 

•97 

1^15 

0    4 

15840 

•34 

•57 

•89 

115 

136 

0    5 

12672 

•38 

•65 

1^02 

1^30 

1-55 

0    6 

10560 

•42 

•72 

1-13 

1^45 

1^72 

0    7 

9051 

•46 

•78 

1-24 

1^68 

1-88 

0    8 

7920 

•50 

•85 

1^33 

1^71 

2-02 

0    9 

7040 

•63 

•90 

1-43 

1^83 

2^16 

0  10 

6386 

•57 

•96 

1^51 

1^94 

2^30 

0  11 

5760 

•60 

1^01 

1^60 

1^96 

242 

1     0 

5280 

•63 

1^06 

1-68 

215 

2^64 

1     8 

4224 

•71 

1^20 

1^90 

2^48 

2^88 

1     6 

3520 

•79 

133 

2-10 

2^69 

3  19 

1    9 

3017 

•87 

1-45 

2^29 

2-94 

3^48 

2    0 

2640 

•93 

1^56 

2^47 

3^16 

8  75 

2    8 

Interpolated. 

•99 

1^67 

2  63 

8  37 

3-99 

2    6 

2112 

1^05 

r77 

2^79 

8-58 

4  24 

2    9 

Interpolated. 

111 

1-87 

2^94 

377 

4  47 

3    0 

1760 

M6 

1-96 

3  09 

3^96 

4-69 

3    3 

Interpolated. 

1^21 

2  06 

3  28 

4^14 

4^91 

3    6 

1508 

1-26 

2-14 

3-37 

4  82 

6^12 

8    9 

Interpolated. 

1-31 

2-22 

3-50 

4^48 

6^81 

4    0 

1320 

136 

2^30 

8^63 

4^66 

6  61 

4    6 

Interpolated. 

1^45 

2-45 

3^87 

4^96 

6-88 

6    0 

1056 

1^54 

2-61 

4  11 

6  27 

6  24 

5    6 

Interpolated. 

1-62 

2^75 

4-33 

6^66 

6  58 

6    0 

880 

171 

2^89 

4-56 

5^88 

6^91 

6    6 

Interpolated. 
754 

1-78 

3^02 

4-76  • 

6-10 

7  22 

7    0 

1^86 

8^15 

4^97 

6  86 

7  54 

7    6 

Interpolated. 

1-93 

3-27 

6^16 

6^61 

7-83 

8    0 

660 

2-01 

3-39 

6  35 

6-86 

8-12 

8    6 

Interpolated. 

2^07 

3-51 

5 -53 

7-09 

8-40 

9    0 

587 

2-14 

3-62 

5-72 

7-32 

8^68 

9    6 

Interpolated. 

2^20 

3  74 

5-89 

7-66 

8*94 

10    0 

528 

2-28 

3-86 

6-07 

7.77 

9*21 

10    6 

Interpolated. 

2-33 

3*95 

6  24 

7-99 

9^47 

11    0 

480 

2^40 

4^06 

6*40 

8-20 

972 

11    6 

Interpolated. 

2^46 

416 

6  67 

8^41 

9-97 

12    0 

440 

2-52 

4-27 

6  73 

8^62 

10-21 

tJeep.  208. 
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TBE  DISCS AHGE  OF  WATER  FROM 


TABLE  rni.'-F^Jimdimjf  a#  JTmm  VelceiUM  qf  WuUr  iUmhtp  in  P^n,  Vraku, 
Stream§,  and  £jwr«.—Far  a  ftiU  cylindrical  pipe,  diyide  the  diameter  by  4  to 
find  the  hydraallc  mean  depth. 

DiawuUn  tfpipet  ^  widb  to  2  mckm.    JP^ttttpermOe  IS/erf  to  6280/««. 


Falls  per  mOe  in  feet,  and  the 

"Hydraulic  mean  depths/*  or  *'mefln  radfi.** 

hydimali( 

B  inclination. 

and  Tdodties  in  inches  per  second. 

Falls. 

Inolinations 
one  in 

A  inch. 

linch. 

{inch. 

iinch. 

iinch. 

F. 
13-2 

400 

2-66 

4*50 

7-10 

9*10 

10-78 

13-6 

Inteipolated. 

2-71 

4-59 

7-24 

9*27 

10-98 

14-1 

875 

2-76 

4-67 

7-87 

9*44 

11-18 

14*6 

Interpolated. 

2-82 

4-76 

7*62 

9-68 

11*41 

15  1 

850 

2-87 

4-85 

7-66 

9*82 

11-63 

15-6 

Interpolated. 

2-94 

4-96 

7-88 

10*08 

11*88 

16-2 

326 

8-00 

6*07 

7-99 

10*24 

1218 

17-6 

800 

314 

6-30 

8-87 

10-72 

12-70 

19-2 

276 

8-80 

6-58 

8-80 

11-27 

18*85 

21*1 

260 

8*48 

6*89 

9-89 

11-90 

14*10 

28-5 

226 

3-70 

6-26 

9-87 

12*65 

14-99 

26-4 

200 

8-96 

6-70 

10-67 

13*54 

1604 

80-2 

175 

4-28 

7-24 

11-42 

14-68 

17-83 

!         85-2 

160 

4-68 

7*92 

12-49 

16*00 

18*96 

877 

140 

4-88 

8-24 

13-00 

16-66 

1974 

42-2 

126 

6-21 

8-81 

13-90 

17-80 

21-09 

48- 

110 

5-62 

9-50 

14-98 

19-19 

2274 

62-8 

100 

6-94 

10*05 

16-86 

20-80 

24-06 

68-7 

90 

6-38 

10-69 

16*87 

21-61 

25*60 

66- 

80 

6-78 

11-47 

18-10 

23*17 

27*46 

75-4 

70 

7-36 

12-42 

19-69 

25  09 

29-73 

88- 

60 

8-05 

13-61 

21-48 

27-61 

32*60 

105-6 

60 

8-99 

15-19 

28-96 

80-69 

86*87 

117-3 

46 

9-57 

16-18 

26*63 

32*70 

8876 

182-0 

40 

10-28 

17-37 

27*41 

85-11 

41*60 

150-8 

86 

11-14 

18-84 

29*71 

88-06 

45*10 

176- 

80 

12-23 

20-68 

82-62 

41-78 

49*61 

212-2 

26 

18-66 

23-09 

86*48 

46-67 

65-80 

264. 

20 

16-64 

26-44 

41*71 

68*48 

63*80 

852- 

16 

18-61 

31*46 

49*63 

63-57 

76*38 

628- 

10 

23-73 

40-11 

68*28 

81*06 

96-06 

686-7 

9 

26*26 

42-70 

67*87 

86-29 

102-25 

660- 

8 

27-08 

46-78 

72*22 

92-51 

109-61 

764-3 

7 

29-29 

49-61 

78*10 

100-04 

118-64 

880-0 

6 

82-06 

6415 

85-43 

109-43 

129-66 

1066- 

6 

85-08 

60*15 

94-89 

121-54 

144-02 

1320- 

4 

40-40 

68-29 

107*78 

187-99 

168-61 

1760- 

8 

47-48 

80*26 

126-61 

162-17 

192-16 

2640* 

2 

69*47 

100*68 

158-59 

20814 

240-70 

6280- 

1 

88-18 

148-97 

286*02 

301-04 

85670 

Beep.  906. 
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TABLE  Vni.—Far  findina  the  Mean  VeloeMta  of  Water fcmmg  i»  Tipee^  Draine, 
Streame,  and  Jiiven.~-For  a  full  cylindiioal  pipe,  divide  the  diameter  by  4  to 
And  the  hydraulic  mean  depth. 

Diavuieraqfpipeei^iHekeeioSiMehee.    JMhpermUeHmdktoUfeet. 


VaUfl  per  mile  in  feet  and 

mche«,  and  the 

hydraulic  incUnations. 

"  Hydnulic  mean  depths."  or  **  mean  radii/' 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations 
one  in 

finch. 

finch. 

2  inch 

linch. 

li  in.  in- 
terpolated. 

F.     I. 

1 

0     1 

63360 

•65 

•73 

•79 

•86 

-96 

0    2 

81680 

102 

113 

1-28 

1-38 

1-49 

0    8 

21120 

1-80 

1-45 

1-68 

1-70 

1-91 

0    4 

15840 

1-64 

1-71 

1-87 

2-01 

2-26 

0    5 

12672 

1-76 

1-96 

213 

2-29 

2-58 

0    6 

10560 

1-96 

217 

2-36 

2-65 

2-86 

0    7 

9051 

213 

2-37 

2-58 

2-78 

8-18 

0    8 

7920 

2-30 

2-55 

2-78 

8-00 

3-37 

0    9 

7040 

2-46 

2.73 

2-98 

8-21 

8-61 

0  10 

6336 

2-61 

2-90 

316 

8-40 

8-83 

0  11 

6760 

2-76 

3  06 

3-83 

8-69 

4-04 

1    0 

6280 

2-89 

3-21 

8-50 

8  77 

4-24 

1     3 

4224 

3-28 

3*64 

8-97 

4-27 

4-81 

1    6 

8520 

3*63 

403 

4-39 

4-73 

5-32 

« 

1    9 

3017 

8-96 

4.39 

4-79 

5-16 

6-80 

2    0 

2640 

4-26 

4-73 

5-16 

5-55 

6-26 

2    3 

Interpolated. 

4-55 

5-04 

6-50 

6-92 

6-66 

2    6 

2112 

4-83 

6-35 

5-84 

6-29 

7-07 

2    9 

Interpolated. 

5  09 

6-64 

6-15 

6-12 

7-46 

8    0 

1760 

5-34 

5-92 

6-46 

6-96 

7-83 

8    8 

Interpolated. 

5-58 

6-19 

6-75 

7-27 

8-18 

8    6 

1508 

6-82 

6-46 

7-04 

7-69 

8-63 

8    9 

Interpolated. 

6  05 

6-71 

7-31 

7-88 

8-86 

4    0 

1320 

6-27 

6-95 

7-58 

8-17 

9  19 

4    6 

Intei-polated. 

6-69 

7-42 

8-09 

8-71 

9-80 

5    0 

1056 

710 

7-88 

8-69 

9-25 

10-41 

6    6 

Interpolated. 

7-48 

8-30 

9  06 

9-76 

10-97 

6    0 

880 

7-86 

8-72 

9*51 

10-26 

11-63 

6    6 

Interpolated. 

8-22 

912 

9.94 

10-71 

12-05 

7    0 

754 

8-57 

9-51 

10-87 

11  17 

12-57 

7    6 

Interpolated. 

8-92 

9-89 

10-78 

11-62 

13-06 

8    0 

660 

9*24 

10-26 

11-18 

12-04 

13-54 

8    6 

Interpolated. 

9-55 

10-60 

11-66 

12-45 

14-01 

9    0 

687 

9-87 

10-96 

11-94 

12-86 

14-47 

9    6 

Interpolated. 

1018 

11-28 

12-31 

18-26 

14.91 

10    0 

528 

1    10*48 

11-62 

12-67 

18-66 

16-36 

10    6 

Interpolated. 

10-77 

11-96 

13-03 

14-08 

16-78 

11     0 

480 

1106 

12-27 

18-38 

14-41 

16-21 

11     6 

Interpolated. 

11-34 

12-68 

18-72 

14-82 

16-64 

12    0 

440 

11-62 

12-89 

1 

14-05 

15-22 

17  07 
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THE  DISCHARGE  OF  WATER  FROM 


TABLS  nn.'-Firr  Jlnding  ike  Mmn  Velocity  qf  Water  Mowing  im  Pipet,  Draiiu* 
Streame,  and  Bivert.—^or  a  full  cylindrical  pipe,  dlTioe  the  diameter  b>  4  to 
find  ^e  hydraiilic  mean  depth. 
Diameten  qfpipee  2k  indtee  to  5  inehee.    IbUeper  miU  11  feet  to  5280  feel. 


Falla  per  mile  in  feet  and 

inches,  and  the 

hydraulic  incUnationB. 

"  Hydraulic  mean  depths,"  or  "mean  radii,'* 
and  velocities  in  inches  per  SQCond. 

Fallfl. 

Indtnations 
one  in 

iindi. 

finch. 

{inch. 

linch. 

liin.in. 
terpolatod 

Y. 

13-2 

400 

12-26 

13-60 

14-83 

16-98 

17-98 

13-0 

Interpolated. 

12-49 

13-86 

16  11 

16-28 

18*31 

141 

375 

12-72 

14-11 

15-89 

16-68 

18*65 

14-6 

Interpolated. 

12-98 

14-89 

15-70 

16*91 

1902 

151 

850 

13-23 

14-68 

16-00 

17*24 

19*40 

15-6 

Interpolated. 

18-52 

14-99 

16-35 

17*62 

19*81 

16-2 

326 

13-80 

15-31 

16-79 

17*99 

20*23 

17-6 

800 

14-45 

16-02 

17-48 

18*83 

2118 

19-2 

275 

16-19 

16-85 

18-37 

19-79 

22-26 

21  1 

250 

16  04 

17-80 

19-40 

20-91 

23-52 

28*5 

225 

17-05 

18-91 

20-62 

22-21 

24-99 

26*4 

200 

18-25 

20-24 

22  07 

23*78 

26-76 

80'2 

175 

19-71 

21-87 

23-85 

25*69 

28-90 

85-2 

150 

21-57 

23*92 

26-09 

28*11 

31-62 

37-7 

140 

22-45 

24-91 

27-16 

29*26 

82-92 

42-2 

126 

28-99 

26-62 

29-03 

81*27 

35-18 

48* 

110 

25-87 

28-69 

81-29 

83*71 

37-92 

52-8 

100 

27-86 

30-35 

33-10 

85*66 

40-11 

68-7 

90 

29-12 

32-31 

85-23 

37*96 

42-69 

66- 

80 

81-23 

34-64 

37-78 

40*70 

46-79 

75-4 

70 

33-82 

87-61 

40-91 

44  07 

49-68 

88  0 

60 

37-08 

41-13 

44-86 

48*33 

54*36 

105-6 

60 

41-37 

46-78 

50-04 

63*91 

60*65 

117-3 

45 

44-08 

48-89 

63-32 

67-44 

64*62 

132- 

40 

47-32 

52-49 

67-25 

61-67 

69*37 

150-8 

85 

61-30 

56-90 

62-06 

66-86 

75*20 

176- 

80 

66-32 

62-47 

68-13 

78-40 

82*66 

211-2 

25 

62-90 

69-77 

76-09 

81*97 

92*21 

264- 

20 

72-01 

79-87 

87-11 

98-84 

106-56 

352- 

15 

86-68 

95  06 

103-66 

111-67 

125-61 

528- 

10 

109-26 

121-19 

18217 

142-89 

160-17 

686-7 

9 

116-31 

129-01 

140-70 

151-58 

170-50 

660- 

8 

124-68 

138-30 

150-83 

162-49 

182*78 

764-8 

7 

134-84 

149-57 

163-12 

176-78 

197*67 

880- 

6 

147-69 

163-60 

178-42 

192-22 

216*22 

1056- 

6 

163-82 

181-71 

198-17 

213-60 

240*15 

1820- 

4 

185-99 

206-81 

225-00 

242-39 

272*66 

1760- 

8 

218-58 

242-46 

264-42 

284-86 

320*43 

2640- 

2 

273-79 

803-70 

331 -22 

356*82 

401*87 

6280- 

405-74 

450-07 

490*84 

628*76 

694*82 
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TABLE  VIIL—FbrJlndmg  ike  Mmm  Veloeiiiu  </  Water f  owing  m  Tipei,  Dramt, 
StreamM,  and  Biven.— For  a  fall  cylindxical  pipe,  dlTide  the  diameter  Ir^  4  to 
find  the  hydraulic  mean  depth.  Ofks  draivs  avd  TiPta.—2Hameter§  qfpipn 
eimekettoUindket.    FiOU permOs I inek  to  12 feet. 


FaUa  per  mile  in  feet  and 

mchea,  and  the 

hydraulic  incUnationa. 

*'  Hydraulic  mean  deptha/'  or  *'  mean 
and  velocities  in  inches  per  second 

radii/' 

Falls. 

Indinationfl 
one  in 

liinch. 

1}  in.  in- 
terpolated. 

2  Inishes. 

2iinches 

3  inches. 

F.     I. 

0    1 

63360 

1-07 

115 

1-24 

1-40 

1-55 

0     2 

31680 

1-66 

1-80 

1-94 

2-19 

2-41 

0    S 

21120 

212 

2-30 

2-48 

2-80 

3-08 

0     4 

15840 

2-52 

2-73 

2-94 

3-84 

3-65 

0    5 

12672 

2-86 

3-11 

3*35 

3-77 

4-16 

0    6 

10560 

3  18 

3-45 

3-72 

4-19 

4-62 

0    7 

9051 

8-47 

3-77 

4-06 

4-58 

5-04 

0    8 

7920 

3-75 

4-06 

4-38 

4*94 

5-44 

0    9 

7040 

4  01 

4-34 

4-68 

6-28 

5-81 

0  10 

6336 

4-25 

4-61 

4-97 

5-60 

6*17 

0  11 

5760 

4-49 

4-86 

5-24 

6-91 

6*51 

1     0 

5280 

4-71 

611 

5-51 

6-21 

6*84 

1     3 

4224 

5-34 

6-79 

6-24 

7-03 

7-75 

1     6 

3520 

5-91 

6-41 

6-91 

7-79 

8-58 

1     9 

3017 

6-44 

6-99 

7-53 

8-49 

9-35 

2    0 

2640 

6-94 

7-53 

8  11 

9-14 

10-07 

2    3 

Interpolated. 

7-40 

8-03 

8-65 

9-74 

10-74 

2    6 

2112 

7-86 

8-52 

9-18 

10-35 

11-40 

2    9 

Interpolated. 

8-28 

8-98 

9-67 

10-90 

12-01 

3    0 

1760 

870 

9-43 

1016 

11-45 

12-62 

3    3 

Interpolated. 

9-09 

9-85 

10-62 

11-97 

18-19 

3    6 

1508 

9*48 

10-28 

11-08 

12-48 

18*76 

3    9 

Interpolated. 

9-84 

10-67 

11-50 

12-96 

14-29 

4    0 

1320 

10-21 

11-07 

11-98 

13-44 

14-81 

4    6 

Interpolated. 

10-89 

11-80 

12-72 

14-84 

15-80 

5    0 

1056 

11-56 

12-54 

13-51 

15-23 

16-78 

5    6 

Interpolated. 

12-18 

13-21 

14-24 

16-04 

17-68 

6    0 

880 

12-80 

13-88 

14-96 

16-86 

18-58 

6    6 

Interpolated. 

13-38 

14-51 

15-64 

17-62 

19-42 

7    0 

754 

13-96 

15-14 

16-32 

18-39 

20-26 

7    6 

Interpolated. 

14-51 

15-78 

16-95 

19-10 

21-05 

8    0 

660 

15-06 

16-32 

17-58 

19-82 

21-84 

8    6 

Interpolated. 

15-56 

16-87 

18-18 

20-49 

22-58 

9    0 

587 

16-07 

17-43 

18-78 

21-17 

28*32 

9    6 

Interpolated. 

16.57 

17-97 

19*36 

21-82 

24*04 

10    0 

528 

17-06 

18-50 

19-94 

22-47 

24*76 

10    6 

Interpolated. 

17-54 

19-01 

20-49 

23-09 

26*45 

11     0 

480 

18-01 

19-53 

21-04 

23-72 

26*13 

11     6 

Interpolated. 

18-47 

20-02 

21-67 

24-32 

26*79 

12    0 

440 

18-92 

20-51 

22-11 

24-91 

27-46 
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TABLE  rin.—:PhrJtndima  the  Mem  VeloeUiee  <f  Water  Mowtn^  i»  Pipe$y  Drmms, 
Streame,  and  Sivert.—Fcr  a  toll  cylindrical  ^p«,  diTide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
DiameUn  q^pipee  6  inehee  io  14  ind^.    FoUe  per  mOe  18  feet  to  ft280/erf. 


Falla  per  mile  in  fset,  and 

**  Hydraulic  mean  deptha,"  or  "mean  radii," 

the  hydraulic  incUnationa. 

and  ▼elodtiea  in  inchea  per  aecond. 

Falls. 

Inclinatlont, 
one  in 

liinehea 

2  inchea. 

2iinchea 

8  inchea. 

8iindiea 

F. 

18-2 

400 

19-97 

28-84 

26-30 

28-98 

31*44 

18-6 

20-84 

2877 

2679 

29-62 

32*03 

14-1 

875 

20-72 

24-21 

27-28 

80  06 

32*62 

14-6 

2118 

24-69 

27-83 

30-67 

88-27 

15-1 

850 

21-55 

25-18 

28-38 

31-27 

88-98 

16-6 

22-01 

2572 

28-99 

31-94 

34-66 

16-2 

825 

22-48 

26-27 

29-60 

32-62 

36-39 

17-6 

800 

28-53 

27-60 

80-99 

84-15 

37*05 

19-2 

275 

24-74 

28-90 

32-57 

86-89 

38-94 

211 

250 

26-18 

80-53 

34-41 

37-91 

4114 

28-6 

225 

27-76 

32-44 

86-56 

40-28 

4871 

26-4 

200 

29-72 

3472 

8913 

4312 

46-79 

80-2 

175 

82-11 

87-52 

42-28 

46-59 

50-55 

86-2 

150 

85  18 

41*04 

46-26 

50-97 

65-30 

877 

140 

86-57 

42-78 

48-16 

53-07 

57-58 

42-2 

125 

89-08 

46*66 

61-46 

5671 

61-63 

48- 

110 

42  18 

49-28 

65-48 

61-13 

66-33 

52-8 

100 

44-67 

52-07 

58-69 

64-67 

70  17 

68-7 

90 

47-48 

56-42 

62*46 

68-88 

74-68 

66- 

80 

50-87 

59-44 

66-99 

73-81 

80*09 

75-4 

70 

55-08 

64-36 

72-50 

79-92 

86*72 

88- 

60 

60-89 

70*57 

79-53 

87-63 

95*09 

106-6 

50 

67-88 

78-78 

88-78 

97-77 

106*08 

117-8 

45 

7179 

88-88 

94-54 

104-17 

113*08 

132- 

40 

77-07 

90-06 

101-50 

118-84 

121*85 

150-8 

85 

88-65 

97-63 

110-03 

121-24 

131*66 

176- 

80 

9172 

107-18 

120-79 

18810 

144-41 

211-2 

25 

102-44 

119-70 

184-90 

148*66 

161-29 

264- 

20 

117-28 

187-03 

154-44 

17018 

184*65 

852- 

15 

139-56 

168-06 

188-78 

202-50 

219*72 

528- 

10 

177-95 

207-92 

284-38 

268-21 

280-16 

686-7 

9 

189-43 

221-84 

249-45 

274-87 

298*24 

660- 

8 

203-07 

287-28 

267-42 

294-67 

819-72 

764-8 

7 

219-61 

256-61 

289-20 

318-67 

34677 

880- 

6 

240-22 

281  '36 

316-38 

848-57 

378-20 

1066- 

5 

266-81 

311-75 

851  -35 

387-15 

420-07 

1820- 

4 

302-92 

858-95 

898-91 

439-56 

476-98 

1760- 

8 

856-00 

415-96 

468-80 

516-57 

560*49 

2640- 

2 

445-98 

521  -04 

687-22 

647-06 

702-08 

5280* 

1 

660-84 

772-16 

870-28 

958-91 

1040*44 
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TASZJB  Vin.-^BvrJtnOina  the  Mean  VelodHee  qf  Water Jtowing  in  Ptpet,  DraUu, 
Streamsj  and  Sivere.— for  a  full  cylindrical  ^pe,  dlTido  the  diameter  by  4  to 
find  the  hydraulic  mean  dep^ 
Dicmeten  qfpipee  14  uiehee  to  22  inekea.    FaUe  per  mile  1  ineh  to  \2feet. 


FaUa  per  mfle  in  feet  and 

mfihea   and  thA       * 

"  Hydraulic  mean  deptha," 

or*' mean  radii," 

hydraulic  Inclinationa. 

and  TeloclUea  in  inchM  per  second. 

FkUa. 

InclinationB, 
one  in 

Scinches 

4inchea. 

4^  inches 

5  inches. 

5 1^  inches 

F.     I. 
0     1 

63360 

1-68 

1-80 

1-91 

2-02 

213 

0     2 

31680 

2-61 

2-81 

2-98 

8-15 

3-32 

0    3 

21120 

3-34 

8-59 

3-82 

4-03 

4-24 

0    4 

15840 

3-96 

4-25 

4-52 

4-78 

5  02 

0     5 

12672 

4-51 

4-84 

5-15 

5-44 

6-72 

0    6 

10560 

5  01 

5-37 

6-72 

6-04 

6*85 

0    7 

9051 

5-47 

6-87 

6-24 

6-60 

6-94 

0    8 

7920 

5-90 

6-38 

6-74 

7-12 

7-48 

0    9 

7040 

6-81 

6-77 

7-20 

7-61 

8-00 

0  10 

6386 

6-70 

7-18 

7-64 

8-08 

8-49 

0  11 

5760 

7-06 

7-58 

8-06 

8-52 

8-96 

1     0 

5280 

7-42 

7-96 

8-47 

8-95 

9-41 

1     3 

4224 

8-41 

9-02 

9-60 

10-14 

10-66 

1    6 

3520 

9-31 

9-99 

10-63 

11-23 

11-80 

1     9 

3017 

10-15 

10-89 

11-58 

12-24 

12-86 

2    0 

2640 

10*93 

11-73 

12-47 

18-18 

13-86 

2    3 

Interpolated. 

11-65 

12.50 

18-30 

14-05 

14-77 

2    6 

2112 

12-37 

13-28 

1412 

14-93 

16-69 

2    9 

Interpolated. 

13-03 

13-68 

14-88 

15-72 

16-63 

3    0 

1760 

13-69 

14-69 

15-63 

16-52 

17-36 

3    3 

Interpolated. 

14-81 

16-35 

16-38 

17-26 

1814 

3    6 

1508 

14-92 

16-01 

17  08 

18-00 

18-92 

3    9 

Interpolated. 

15-50 

16-63 

17-69 

18-70 

19-66 

4    0 

1320 

16-07 

17-25 

18-35 

19-39 

20-38 

4    6 

Interpolated. 

1714 

18-89 

19-56 

20-68 

21-73 

5    0 

1056 

18-21 

19-58 

20-78 

21-96 

28-08 

5    6 

Interpolated, 

19-18 

20-58 

21-90 

23-14 

24-32 

6    0 

880 

20-16 

21-63 

28-01 

24-82 

25-56 

6    6 

Interpolated. 

2107 

22-61 

24-05 

25-42 

26-72 

7    0 

754 

21-98 

23-59 

25  09 

26-52 

27-87 

7-  6 

Interpolated. 

22-84 

24-50 

26-07 

27-55 

28-96 

8    0 

660 

23-69 

25-42 

27  04 

28-58 

30-04 

8    6 

Interpolated. 

24-50 

26-29 

27-97 

29-55 

31-06 

9    0 

687 

25-31 

27-54 

28-89 

80-53 

32  09 

9    6 

Interpolated. 

26  09 

27-99 

29-78 

31-47 

33  08 

10    0 

528 

26-87 

28-83 

30-67 

32-41 

84-06 

10    6 

Interpolated. 

27-61 

29-62 

31-52 

83-31 

36-01 

11    0 

480 

28-35 

30-42 

82-87 

34-20 

35-95 

11    6 

Interpolated. 

29-07 

31-19 

33  18 

85  07 

36-86 

12    0 

440 

29-79 

31-96 

84-00 

85-93 

87-77 
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TABLE  VIII.'-ForJiniiMf  Oe  Meam  VOodtiet  of  Water  ■MomiMg  in  Pqm.  Draitu, 
8tream$,  and  Bioar$.—For  a  full  cylindrical  pip«,  diviae  the  diameter  by  4  to 
And  the  hydraulic  mean  depth. 
Diameten  ofjripet  16  inehei  to  2  fe$t.    JMU  per  mile  IZfut  to  &780  feei. 


Falls  per  mile  in  feet 
and  the 
hydraulic  incUnationa. 

**  Hydraulic  mean  depths, " 

or  "mean radii," 

and  yelodtieB  in  inches  per  second.           1 

Falls. 

Inclination, 
one  in 

4  Inches.  4}  inches 

5  inches.  Sj^inches 

6inchee. 

F. 
13-2 

400 

38-74 

85-89 

87-98 

89-87 

41-72 

13-6 

Interpolated. 

34-87 

36-56 

88-64 

40-61 

42-50 

14  1 

375 

36  00 

37-23 

89-86 

41-86 

43-28 

14-6 

Interpolated. 

36-70 

37-98 

40-14 

42-19 

4415 

15-1 

850 

86-40 

38-73 

40-92 

48-02 

46-01 

15-6 

Interpolated. 

87  19 

39-56 

41-81 

43-94 

45-99 

16-2 

826 

87-97 

40-40 

42-69 

44-87 

46-96 

17-6 

300 

39-75 

42-29 

44-69 

46-97 

49-16 

19-2 

276 

41-78 

44-46 

46-97 

49-38 

51-67 

21  1 

260 

44-14 

46*96 

49-62 

6216 

64-68 

23*5 

226 

46-90 

49-90 

62-72 

55-42 

68-00 

26-4 

200 

50-20 

68-41 

66-44 

59-32 

62-08 

30-2 

175 

64-24 

67-71 

60-98 

64-10 

67-07 

35-2 

160 

69-84 

6313 

66-71 

70-12 

78-37 

87-7 

140 

61-78 

66-72 

69-46 

78-00 

76-89 

42-2 

126 

66-02 

70-28 

74-22 

78-01 

81-64 

48- 

110 

71-17 

75-72 

80-01 

84-10 

88-00 

62-8 

100 

76-29 

80-09 

84-64 

88-97 

98-10 

68-7 

90 

80-13 

85-25 

90  08 

94-69 

99-09 

66- 

80 

85-98 

91-42 

96-61 

101  -54 

106-26 

76-4 

70 

98-04 

98-98 

104-60 

109-95 

115-05 

88- 

60 

102-02 

108-54 

114-70 

120-56 

126  16 

105-6 

50 

118-82 

121-09 

127-96 

134-60 

140-74 

117-8 

45 

121  -27 

129-01 

186-84 

143-30 

149-96 

132- 

40 

180-20 

188-61 

146-88 

158-86 

161-00 

160-8 

35 

141-14 

150-16 

158-68 

166-79 

174-63 

176- 

80 

164-96 

164-84 

174-20 

188-10 

191-61 

211-2 

25 

178-06 

184-10 

194-56 

204-60 

214-00 

264- 

20 

19812 

210-77 

222-78 

284-11 

244-98 

852- 

16 

285-75 

250-80 

265-04 

278-58 

291-62 

628- 

10 

300-60 

319-80 

837-95 

866-22 

871-71 

686-7 

9 

820-00 

340-48 

869-76 

378-14 

396-70 

660- 

8 

343-04 

859-66 

386-67 

405-87 

424-20 

764-8 

7 

370-99 

394-68 

417-08 

438-39 

468-76 

880- 

6 

405-79 

431  -70 

456-21 

479-52 

501-79 

1056- 

5 

450-71 

479-49 

506-71 

682-60 

567-34 

1320- 

4 

611-72 

644-39 

576-80 

604-69 

682-78 

1760- 

3 

601  -38 

689-78 

676-10 

710-64 

748-66 

2640- 

2 

753-29 

801  -89 

846-89 

89016 

931-60 

6280- 

1 

1116-85 

1187-62 

1255-04 

1319-17 

1880-44 
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TABLE  rilL—librJlndiM  iht  Mean  VeloeUiM  <f  Waierjhtting  i»  Pipeg,  Drmiu, 
Streamt^  and  Biven.—Tne  hvdnulic  mean  depth  ia  found  for  all  cbaimels,  oy 
dividing  the  wetted  perimeter  into  the  area. 
SydrauUe  mean  deptkt  6  ineket  to  10  inehee,    FaU$  per  mile  1  inch  to  12feei. 


FallB  per  mile  in  feet 

and  inches,  and  the 

hydraulic  incUnationB. 

6  inches. 

drauliemei 
uid  yelocitl 

m  depths" 
les  in  inche 

8  inches. 

or  '*  mean 
sperseconi 

radii," 
1 

FaUs. 

IncUnationB, 
one  in 

7iDCh6B. 

9  inches. 

10  inches. 

F.    I. 
0     1 

63360 

2-23 

2-41 

2-58 

2-75 

2-90 

0     2 

31680 

3-47 

3-76 

4  03 

4-28 

4-52 

0     3 

21120 

4-43 

4-80 

515 

5-47 

5*78 

0     4 

15840 

5*26 

5-69 

610 

6-49 

6-85 

0     6 

12672 

5*98 

6-48 

6-95 

7-39 

7*80 

0     6 

10560 

6-65 

7-20 

772 

8-20 

8-66 

0     7 

9051 

7-26 

7-86 

8-43 

8-96 

9-46 

0    8 

7920 

7-83 

8-48 

9-09 

9-67 

10-21 

0     9 

7040 

8-37 

9-07 

9-72 

10-33 

10-91 

0  10 

6336 

8-88 

9-63 

10-32 

10-97 

11-58 

0  11 

5760 

9-37 

10-16 

10-89 

11-57 

12-22 

1     0 

5280 

9*84 

10-67 

11-43 

12-15 

12-83 

1     3 

4224 

11-16 

12-09 

12-95 

13-77 

14-54 

1     6 

3520 

12-35 

13-38 

14-34 

15-25 

16-10 

1     9 

3017 

13-46 

14-58 

15-63 

16-61 

17*54 

2     0 

2640 

14-50 

15-71 

16-84 

17-90 

18-90 

2     3 

Interpolated. 

15-45 

16-75 

18-24 

19-08 

20-15 

2    6 

2112 

16-42 

17-79 

19-64 

20-26 

21*40 

2     9 

Interpolated. 

17-29 

18-74 

20-37 

21-34 

22-54 

3     0 

1760 

18-17 

19-69 

21  10 

22-42 

23-68 

3    3 

Interpolated. 

18-99 

20-57 

22-05 

23-48 

24-75 

3    6 

1508 

19-80 

21-46 

23-00 

24-44 

25-81 

3    9 

Interpolated. 

20-56 

22-28 

28-88 

25-38 

26-80 

4    0 

1320 

21-33 

2311 

24-77 

26-32 

27-80 

4    6 

Interpolated 

22-74 

24-64 

26-41 

28-07 

29-64 

5    0 

1056 

24  16 

26  17 

28-05 

29-81 

31-48 

5    6 

Interpolated. 

25*45 

27-58 

29-56 

81-42 

33-17 

6    0 

880 

26-75 

28-98 

8106 

33-02 

84-86 

6    6 

Interpolated. 

27-96 

30-29 

32-47 

84-51 

36-44 

7    0 

754 

29-17 

31-60 

33-87 

36-00 

38  02 

7    6 

Interpolated. 

30-30 

32-83 

3519 

37-40 

89-50 

8    0 

660 

31-43 

84  06 

36-50 

38*80 

40-97 

8     6 

Interpolated. 

32-51 

35-22 

87-75 

40-12 

42-87 

9    0 

587 

33-58 

86-39 

38-99 

41-45 

43-77 

9    6 

Interpolated. 

34-61 

37-50 

40-20 

42-72 

45-11 

10    0 

528 

35-65 

38-63 

41-40 

44-00 

46-46 

10    6 

Interpolated. 

36-63 

39-69 

42-54 

45-22 

47*75 

11     0 

480 

37-62 

40-76 

43-69 

46-44 

49  03 

11     6 

Interpolated. 

38-57 

41-79 

44-79 

47-61 

50-27 

12    0 

440 

39-52 

42-82 

45-90 

48-78 

51-51 
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TABLE  VIII.—ForJlndiM  the  Mean  VgloeUie*  <f  WaUrJiowimg  m  PffMt,  Dratn; 
StreamBy  and  Swen. — The  hydraulic  mean  depth  Ib  found  for  all  ^>»MniM<i  ty 
dividing  the  wetted  perimeter  into  the  area. 
HfdramUc  mean  depth*  1 1  inehe*  to  21  imehe*.    I^Ue  per  mOe  1  wA  to  UfuL 


Falls  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inclinations. 

**  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  Telocitiee  in  inchet  per  second. 

Fallfl. 

Indfnationi^ 
one  in 

11  inches 

12  inches.  15  inches. 

1 

1 
18  inches.  |21  inches. 

F.    I. 
0     1 

63360 

3  05 

819 

3-57 

8-92 

4-25 

0     2 

31680 

4-75 

4-97 

6-67 

6-12 

6-62 

0     S 

21120 

6  07 

6-35 

712 

7-82 

8-46 

0     4 

15840 

719 

7-53 

8-44 

9-27 

10-03 

0     5 

12672 

819 

8-57 

9-61 

10-65 

11-42 

0     6 

10560 

9-10 

9-52 

10-67 

11-72 

12-68 

0     7 

9051 

9-94 

10-39 

11-66 

12-80 

13-85 

0     8 

7920 

10-72 

11-21 

12-57 

18-81 

14-94 

0     9 

7041 

11-46 

11-99 

13-44 

14-76 

15-97 

0  10 

6336 

12  16 

12-72 

14-27 

16-66 

16-95 

0  11 

6760 

12-83 

13-42 

15-05 

16-63 

17-88 

1     0 

5280 

13-48 

14-09 

15-81 

17-36 

18-78 

1     3 

4224 

15-27 

15-97 

17-91 

19-67 

21-28 

1     6 

3520 

16-91 

17-68 

19-83 

21-78 

23-56 

1     9 

3017 

18-23 

19-27 

21-62 

23-78 

25-68 

2    0 

2640 

19-85 

20-76 

23-28 

26-63 

27-66 

2    S 

Interpolated. 

21  16 

22-13 

24-82 

27-29 

29-49 

2    6 

2112 

22-48 

23-51 

26-36 

28-96 

31-32 

2    9 

Interpolated. 
1760 

23-68 

24-76 

27-77 

80-49 

32-99 

3    0 

24-88 

26  02 

29-18 

32  04 

34-67 

3    8 

Interpolated. 

25-99 

27-18 

30-47 

33-48 

36-22 

3    6 

1508 

27  11 

28-35 

31-77 

34-92 

87-78 

8    9 

Interpolated. 

28-15 

29-45 

33  01 

36-26 

39-23 

4    0 

1320 

29-20 

30-54 

34-26 

37-60 

40-69 

4    6 

Interpolated. 

31  18 

82-56 

36-52 

40-10 

43-39 

5    0 

1056 

33  07 

34-59 

88-79 

42-69 

46  09 

6    6 

Interpolated. 

34-85 

36-44 

40-87 

44-88 

48-56 

6    0 

880 

86-62 

38-30 

42-95 

47-16 

51-03 

6    6 

Interpolated. 
754 

38-28 

40  03 

44-90 

49-30 

53-34 

7    0 

89*93 

41-76 

46-84 

61-48 

65-66 

7    6 

Interpolated. 

41-48 

48-39 

48-66 

63-48 

57-81 

8    0 

660 

43-04 

45  01 

50-48 

65-42 

59-97 

8    6 

Interpolated. 

44*50 

46-54 

52-20 

67-82 

62-02 

9    0 

587 

45-97 

48-08 

53-92 

69-21 

64  06 

9    6 

Interpolated. 

47-39 

49-56 

55-58 

61-03 

66  04 

10    0 

528 

48-80 

51-04 

67-24 

62-86 

68-01 

10    6 

Interpolated. 

50-16 

52-46 

68-83 

64-69 

69-89 

11     0 

480 

51-51 

63-87 

60-41 

66-88 

71-78 

11  6 

12  0 



Interpolated. 

52-81 

55-23 

61-94 

68-01 

73-59 

440 

64-11 

66-59 

63-47 

69-68 

75-40 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  riII.—FifrJhidimg  tU  Mean  VOoeUiM  qf  Wattr/tmina  im  Pipa,  Draima,  • 
8tream$f  and  Bioen.^TDB  hydraulic  mean  depth  is  found  for  all  channela  by 
dividing  the  wetted  perimeter  into  the  area. 
SgdrmUie  mean  daptk$  84  ineU$  io  \fttt.    Fallt  per  miU  1  imeh  to  Ufeei. 


Falls  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inclinations. 

**  Hydraulic  mean  depths," 
and  velocities  in  Inchee 

or  "mean^adii," 
1  per  second. 

Falls. 

Inclinations, 
one  in 

24  inch. 

30  inches. 

86  inches.  42  inches.' 

48  inches. 

F.    I. 
0     1 

68860 

4*54 

5-09 

6*59 

6  04 

6-47 

0     2 

81680 

7-09 

7-94 

8*71 

9-42 

10  08 

0     3 

21120 

9-06 

1015 

1114 

12-04 

12-89 

0     4 

15840 

10-73 

1203 

18*20 

14-27 

15-27 

0     5 

12672 

12-22 

13-69 

16*03 

16-25 

17-39 

0    6 

10560 

18-57 

15-21 

16*69 

18-06 

19-31 

0     7 

9051 

14-83 

16-61 

18-28 

19-71 

21-09 

0     8 

7920 

15-99 

17-92 

19-66 

21-27 

22-76 

0    9 

7041 

17-10 

19-16 

21-02 

22-78 

24-33 

0  10 

6386 

18-15 

20-88 

22*31 

24-18 

25-82 

0  11 

5760 

19-15 

21-45 

28-64 

26-46 

27-24 

1     0 

6280 

20-11 

22-58 

24-72 

26*78 

28-61 

1     8 

4224 

22-78 

25*53 

28-01 

30-29 

82-42 

1    6 

8520 

25-28 

28*27 

31-02 

33-54 

35-90 

1     9 

8017 

27-49 

80-81 

83-80 

86-55 

39  12 

2    0 

2640 

29-62 

83  18 

36*41 

89-38 

42-14 

2    8 

Interpolated. 

31-57 

85-88 

38*82 

41-98 

44-92 

2    6 

2112 

83-53 

37-67 

41*22 

44-58 

47-71 

2    9 

Interpolated. 
1760 

85-32 

39-58 

48-48 

46-96 

60-26 

3    0 

37  11 

41-58 

45*68 

49-34 

62*81 

3    3 

Interpolated. 

88-78 

48-45 

47*68 

51-56 

55*18 

3    6 

1508 

40-45 

45*32 

49*78 

63-78 

57*55 

8    9 

Interpolated. 

42-00 

47-07 

61*64 

65-85 

59-77 

4    0 

1820 

48*56 

48*81 

68*66 

57-92 

61-98 

4    6 

Interpolated. 

46*45 

62*05 

67-11 

61-76 

66-09 

5    0 

1056 

49*34 

66*28 

60-66 

65-60 

70-20 

5    6 

Interpolated. 
880 

51-99 

58-25 

68*91 

69-12 

73-97 

6    0 

54-68 

61-22 

67*17 

72-64 

77.74. 

6    6 

Interpolated. 
754 

57*11 

63-99 

70*21 

75  ^S* 

81*25 

7    0 

59-58 

66-76 

78*26 

79-21 

84-77 

7    6 

Interpolated. 

61-89 

69-35 

76  09* 

87-29 

88  06 

8    0 

•660 

64-21 

71-94 

78*94 

86-37 

91-35 

8    6 

Interpolated. 

66-40 

74-40 

81*68 

88-26 

94-47 

9    0 

587 

68*59 

76-85» 

84*82 

91*19 

97-59 

9    6 

Interpolated. 

70*60 

79-22 

86-92 

94  00 

100-69 

10    0 

528 

72-81 

81-58 

89*62 

96-81 

108-60 

10    6 

Interpolated. 

74*88 

88-84. 

91-99 

99-49 

106*47 

11    0 

480 

76-84» 

86-10 

94*47 

102-17 

109-33 

11    6 

Interpolated. 

78-78 

88-28 

96-86 

104-76 

112-10 

12    0 

440 

80-72 

90*46 

99*25 

107-88 

114*86 
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TABLE  Vin,^I^JlniiMg  the  Mean  VdoeiHet  tf  WaierJlowiM  i»  P^,  Drouu, 
Strtama,  and  Biven.— The  hydraulic  meaa  depth  is  found  for  all  chaimelB  bj 
dividing  the  wetted  perimeter  into  the  area. 
SydrauUemeandeptka4feet6iMehe»to7ffH,    JMU  per  wUUl  i»eh  to  12 ftei. 


FaUii  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inclinations. 

"  H^raulic  mean  depths,''  or  "  mean 
and  Telocity  in  inches  per  second 

radii.** 

Fdls. 

Inclinations, 
one  in 

54  inch 

60  inches. 

66  inches. 

72  inches. 

84faiches. 

F.    I. 
0     1 

68860 

6-86 

7-24 

7-60 

7-94 

8*58 

0     2 

31680 

10-70 

11-29 

11-85 

12*38 

13*39 

0     3 

21120 

13-68 

14-62 

1514 

15-88 

17*11 

0     4 

16840 

16-21 

17-10 

17-95 

18*76 

20*28 

0    5 

12672 

18-46 

19-47 

20-43 

21*35 

23*13 

0    6 

10560 

20-50 

21-63 

22*70 

23*72 

25*64 

0    7 

9051 

22-89 

23-62 

24-79 

25*90 

28  00 

0    8 

7920 

24-16 

25-48 

26-74 

27-95 

30*21 

0    9 

7041 

25-83 

27-24 

28-69 

29-88 

32*30 

0  10 

6386 

27-41 

28-91 

30*34 

31-71 

34-28 

0  11 

6760 

28-92 

30-51 

3201 

83.46 

36-17 

1    0 

6280 

30-37 

32-03 

33-62 

36*18 

37-98 

1     8 

4224 

84-41 

36-30 

38-10 

39*81 

43-04 

1     0 

8520 

3810 

40-19 

42-18 

44*08 

47-65 

1    9 

3017 

41-52 

43-80 

45-97 

48*04 

51*93 

2    0 

2640 

44-73 

47-18 

49-52 

61*76 

55*94 

2    3 

Interpolated. 

47-69 

60-30 

52*79 

65*17 

69-64 

2    6 

2112 

50-65 

63-42 

56  07 

68*59 

63-34 

2    9 

Interpolated. 
1760 

53-85 

66-28 

69*06 

61*72 

66-72 

8    0 

56  06 

5913 

62-05 

64*85 

70-10 

3    8 

Interpolated. 

58-57 

61-79 

64-84 

67*76 

73*25 

3    6 

1508 

61-09 

64-44 

67*63 

70*67 

76*40» 

8    9 

Interpolated. 

63-44 

66-92 

70-23 

78*39 

79*85 

4    0 

1820 

65-80 

69-41 

72*84 

76*11* 

82*29 

4    6 

Interpolated. 

70-16 

74-01 

77-67* 

81*16 

87-74 

5    0 

1056 

74-52 

78-61* 

82-50 

86*21 

93*20 

5    6 

Interpolated. 

78-52» 

82-83 

86-92 

90*84 

98*20 

6    0 

880 

82-52 

87-06 

91*35 

96*46 

108-20 

6    6 

Interpolated. 
754 

86-25 

90-98 

95-58 

99*78 

107-87 

7    0 

89-99 

94*92 

99-62 

104*10 

112-54 

7    6 

Interpolated. 

98-48 

98-61 

108-48 

108*14 

116-91 

8    0 

660 

96-98 

102-30 

107-35 

112*19 

121*28 

8    6 

Interpolated. 

100-29 

105-79 

111*02 

116*01 

125*42 

9    0 

587 

103-59 

109-27 

114-68 

119*84 

129*56 

9    6 

Interpolated. 

106-78 

112-64 

118-21 

123*53 

133*65 

10    0 

528 

109-97 

11601 

121*74 

127*22 

187-54 

10    6 

Interpolated. 

113-02 

119-22 

12511 

130*74 

141-34 

11    0 

480 

116-06 

122-43 

128*48 

184-27 

14516 

11     6 

Interpolated. 

11900 

125-62 

181*73 

187-66 

148*82 

12    0 

440 

121-93 

128-61 

184*97 

141-05 

152*49 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  rUI.—Ik>rJhuUM  tis  M«an  VeloeUim  qf  WaUrJUmma  im  TiM»,  Drahu, 
Streamu,  and  Bivert.—Tne  hydraulic  mean  depth  ie  loimd  for  all  channels  by 
dividing  the  wetted  perimeter  into  the  area. 

SfdramUe  wuam  depth*  Sfeet  to  12/e«(.    JMb  per  mOs  1  ituk  to  12 fut. 


Falls  per  mile  in  feet 

and  inches,  and  the 

hydraulic  inclinations. 

<•  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  Tdodties  in  inches  per  second. 

Falls. 

Inclinations, 
one  in 

96  inch. 

108 
inches. 

120 
inches. 

132 
inches. 

144 
inches. 

F.    I. 
0     1 

63360 

918 

9-76 

10-28 

10-79 

11*27 

0     2 

31680 

14-32 

15-20 

16  03 

16-82 

17*67 

0     3 

21120 

18-30 

19-43 

20-49 

21-60 

22-46 

0     4 

15840 

21-69 

2302 

24*28 

26*47 

26*62 

0    5 

12672 

24-70 

26-21 

27-64 

29-00 

30*81 

0    6 

10560 

27-43 

2911 

30-70 

32-21 

83-66 

0    7 

9051 

29-96 

31-80 

33-68 

36-18 

36-76 

0    8 

7920 

32-32 

34-30 

3618 

87-96 

89-66 

0    9 

7041 

34-55 

36-67 

38-67 

40-58 

42-40 

0  10 

6336 

36-67 

38-92 

41-04 

43-07 

45-00 

0  11 

5760 

38-69 

41-06 

43-31 

46-44 

47-48 

1    0 

5280 

40-63 

48-12 

45-48 

47-72 

49*86 

1     8 

4224 

46-04 

48-87 

51-54 

64-07 

66*50 

1    6 

3520 

50-98 

54-11 

67-06 

69-87 

62*56 

1    9 

3017 

55-60 

58-96 

62-18 

66-26 

68*17 

2    0 

2640 

59-85 

63*52 

66-98 

70-28 

73*44« 

2    3 

Interpolated. 

63-80 

67-72 

71-41 

74-93' 

78*29 

2    6 

2112 

67-76 

71-91 

76-84» 

79-68 

83*16 

2    9 

Interpolated. 
1760 

71-38 

75-75» 

79-89 

83-83 

87*69 

3    0 

75-00* 

79*59 

83-94 

88-08 

92-03 

3    3 

Interpolated. 

78-37 

83-17 

87-71 

92-03 

9616 

3    6 

1508 

81-74 

86-75 

91-48 

96-99 

100-30 

8    9 

Interpolated. 

84-88 

90-09 

96-01 

99-69 

104-16 

4    0 

1320 

88  03 

93-43 

98-53 

103-88 

108-02 

4    6 

Interpolated. 

93-87 

99-62 

106-06 

110-24 

11618 

5    0 

1056 

99-70 

105-82 

111-69 

117-09 

122-34 

5    6 

Interpolated. 

105-06 

111-49 

117-68 

128-38 

128*91 

6    0 

880 

110-41 

11717 

123-67 

129-66 

136*48 

6    6 

Interpolated. 
754 

115-40 

122*47 

12916 

136*63 

141*61 

7    0 

120-40 

127-76 

134-75 

141*89 

147*73 

7    6 

Interpolated. 

125-07 

132-74 

139-99 

146*88 

168*47 

8    0 

660 

129-75 

137-70 

145-22 

162-88 

159-21 

8    6 

Interpolated. 

13418 

142-40 

160-18 

167*67 

164-64 

9    0 

587 

138-60 

147-10 

156-18 

162*77 

170-07 

9    6 

Interpolated. 

142-87 

161-63 

159-91 

167*78 

175*81 

10    0 

528 

147-14 

166-16 

164-68 

172-80 

180*66 

10    6 

Interpolated. 

151-21 

160-48 

169-24 

177-68 

185*66 

11    0 

480 

155-29 

164-80 

178-80 

182-86 

190-64 

11    6 

Interpolated. 

169-21 

168-97 

178-19 

186-97 

196-36 

12    0 

440 

16313 

173-13 

182-59 

191*68 

200*17 

480 


THE  DISOHABQE  OF  WATER  FBOM 


TABLE  IX.^rimrJMimg  the  IHtekatgt  In  CMe  Fm*  per  Mmuie,  rnhm  ik»  DiameUr 
<ifa  Pipe,  or  Oryioe,  and  the  VeUt^  qfl>ieeharye  are  known ;  and  vioi  tend. 


Diameten 

of  pipes 

in  incnes. 

Dischazgv  in  euMo  feet  ] 

per  minute,  for  different  Telodtles.          | 

Velocity  of 
100  inches 

Velocity  of 

Velocity  of 

Velocity  of 

Velocity  of 

200  inches 

300  inches 

400  inches 

SCO  indies 

per  second. 

per  second. 

per  second. 

per  second. 

perseeomL 

•170442 

'3409 

.5118 

-6818 

-8522 

•68177 

1-8685 

20458 

2-7271 

8-4089 

1 '58898 

8-0679 

4-6019 

6-1859 

7-6699 

2727077 

6-4541 

8-1812 

10-9083 

18-6354 

1| 

4-26106 

8-5221 

12-7832 

17-0442 

21-8053 

1^ 

6  18593 

12-2718 

18-4080 

24-5437 

30-6797 

1} 

8-85167 

16 '7083 

25-0550 

33-4067 

41-7584 

2 

10-90881 

211817 

32-7249 

48-6382 

54-5415 

H 

18*80583 

27-6117 

41-4175 

55-2238 

69-0291 

2| 

1704423 

84-0885 

51-1827 

68-1769 

85-2212 

20-62352 

41 '2470 

61-8706 

82-4941 

1081176 

3 

24-54369 

49-0874 

78-6311 

98-1748 

122-7185 

8 

28-80475 

57-6095 

86-4143 

115-2190 

144-0238 

33-40669 

66-8184 

100-2201 

133-6268 

167-0385 

3} 

38-84952 

76-6990 

115-0486 

153-3981 

191-7476 

4 

43-63328 

87-2665 

130-8997 

174-5329 

2181662 

4i 

49-25783 

98-5157 

147-7735 

197-0313 

246-2892 

4 

55-22381 

110-4466 

165-6699 

220-8932 

276-1166 

41 

61-52968 

128-0594 

184-5890 

246-1187 

807-6484 

6 

68-17692 

136-3539 

204-5308 

272-7077 

840-8846 

H 

75-16506 

150-3301 

225-4952 

300-6603 

375-8253 

5^ 

82-49408 

164-9882 

247-4822 

329-9763 

412-4704 

H 

9016399 

180-8280 

270-4920 

360-6560 

450-8200 

6 

98-17478 

196-3495 

294-5243 

892-6991 

490-8789 

6i 

106-52645 

218-0529 

819-5794 

426-1058 

582-6328 

«4 

115-2190 

230-4380 

345-6570 

460-8760 

676-0950 

6} 

124-25245 

248-5049 

872-7574 

497-0098 

621*2623 

7 

133-6268 

267-2536 

400-8804 

684-5072 

668-1340 

7i 

143-34199 

286-6840 

430-0260 

573.3680 

716-7100 

74 

153-39809 

806-7962 

460  1943 

613-5924 

766-9905 

7i 

168-79507 

327-5901 

491 -3852 

655-1808 

818-9758 

8 

174-53293 

349-0659 

523-5988 

698-1317 

872-6647 

84 

197-03182 

394-0626 

591-0940 

788-1258 

985-1566 

9 

220-89325 

441-7865 

662-6798 

888-5730 

1104*4663 

94 

246-11871 

492-2874 

788-3561 

984-4784 

1230-5936 

10 

272-70771 

645  4154 

8181231 

1090-8308 

1863-5386 

104 

300-66025 

601-8205 

901  -9808 

1202-6410 

1503-8018 

11 

329-97638 

659-9527 

989-9290 

1319-9053 

1649-8817 

114 

36065595 

721-8119 

1081  -9679 

1442-6238 

1803-2798 

12 

392-69910 

785  3982 

1178-0978 

1570-7964 

1963-4955 

ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  IX.-^FarJlndiHg  the  Ditehar^e  in  Chthie  Feet  per  MinmUt  when  the  DiameUr 
qfa  Fipe,  or  Ori/lee,  and  the  VeloeUg  of  Dieekarge  are  kmowm  ;  and  vice  vered. 


"DiKhHTgo  in  cubic  feet  per  minute,  for  different  yelodtiea. 


Velocity  of 
600  inches 
pa*  second. 


10227 

4-0906 

9 '2039 

16-3625 

25-5664 

36-8155 

60-1100 

65-4499 

82-8350 

102-2654 

123-7411 

147-2621 

172-8285 

200*4401 

280  0971 

261-7994 

295-5470 

331-3899 

869-1781 

409*0615 

450-9904 

494-9645 

540-9839 

589*0486 

6391587 

691-3141 

745-5147 

801-7608 

860-0519 

920-3885 

982-7704 

1047-1976 

1182-1879 

1325-3595 

1476-7128 

1636-2468 

1803-9615 

1979-8580 

2163*9357 

2356-1946 


Velodty  of 

TOOincnes 

per  second. 


1-1931 

4*7724 

10-7379 

19*0895 

29-8274 

42-9515 

58-4617 

76-3582 

96-6408 

119-3096 

144-3646 

171-8059 

201*6333 

233-8468 

268-4467 

305*4326 

344*8048 

386*5632 

430*7077 

477*2384 

526*1554 

677-4586 

631-1479 

687-2235 

745-6852 

806-5330 

869*7672 

935-3876 

1003-3939 

1073-7866 

1146-5655 

1221-7305 

1379*2192 

1546*2528 

1722-8810 

1908-9540 

2104-6218 

2309-8343 

2524-5917 

2748-8987 


Velod^  of 

800  inches 

per  second. 


1  3635 

5-4542 

12-2718 

21-8166 

34-0885 

49-0874 

66*8134 

87*2665 

110*4466 

136*3538 

164*9882 

196-3496 

230-4380 

267*2535 

306*7962 

349*0659 

894*0626 

441*7865 

492*2374 

645*4154 

601*3205 

659-9526 

721*3119 

785*3982 

852*2116 

921*7520 

994*0196 

1069*0144 

1146*7859 

1227*1847 

1310-3605 

1396-2634 

1576-2506 

17671460 

1968-9497 

2181*6617 

2405-2820 

2639*8106 

2885*2476 

3141-5928 


Velodtr  of 
gooincnes 
pa*  second. 


1  -5340 

6.1359 

13*8058 

24*5437 

38-3495 

55*2234 

75*1650 

98*1748 

124*2525 

153*3981 

185*6117 

220-8933 

259-2428 

300-6602 

345*1457 

392*6991 

443*3205 

497*0098 

653*7671 

613*5923 

676*4855 

742*4467 

811*4759 

883*5730 

958*7381 

1036*9710 

1118-2721 

1202*6412 

1290*0779 

1380*5828 

1474*1556 

1570-7964 

1773-2819 

1988*0393 

2215-0684 

2454-3694 

2705-9423 

2969-7870 

8245-9936 

3534-2919 


Velocity  in 
1000  inches 
per  second. 


1-7044 

6-8177 

15-3398 

27-2708 

42*6106 

61-3593 

83-5167 

109-0831 

138-0583 

170-4423 

206*2352 

245-4369 

288-0475 

334  0669 

383-4952 

436 '3323 

492-5783 

552-2331 

615*2968 

681*7692 

751*6506 

824  9408 

901*6399 

981  *7478 

1065*2645 

1152*1900 

1242*5245 

1336*2680 

1433*4199 

1533*9809 

1637*9507 

1745*3293 

1970*3132 

2208*9325 

2461*1871 

2727*0771 

3006*6025 

3299*7638 

3606*5595 

3926-9910 


111 


I 


6i 

6i 

6 

«1 
«i 
«l 
7 

2* 

7i 

8 

81 

9 

«4 
10 

lOi 

11 
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THE  DISC E ABO E  OF  WATER  FROM 


TABLE  X.— Jbr  finding  the   depth*  qf  Wein  «/  difsnni  UmIU,  tie  quaniiiy 
dkeharged  over  each  bnng  ttijfpoMd  eomtaut.    See  pages  289  and  290. 


Ratios 

Coeffi-      ^ 

tatios 

Coeffi- 

Batios 

of 
lengths. 

Coeffi- 

Batios 

of 
lengths. 

1 

Coeffi* 

of 
lengtha 

clents.     ^ 

of 
[igths. 

dents. 

cients. 

dents. 

•01 

•0464 

406 

•5474 

•605 

•7153 

•805 

•8654 

•02 

•0787        ■ 

410 

•6619 

•610 

•7193 

•810 

•8689 

•08 

•0965 

415 

•6564 

•616 

•7232 

•815 

•8725 

•04 

•1170 

420 

•5608 

•620 

•7271 

•820 

•8761 

•05 

•1857 

426 

•6658 

•625 

•7810 

•825 

•8796 

•06 

•1688 

"480 

•6697 

•680 

•7349 

•880 

•8832 

•07 

•1699 

485 

•5741 

•685 

7888 

•835 

•8867 

•08 

•1867 

-440 

•5785 

•640 

•7427 

•840 

•8903 

•09 

•2008 

445 

•5829 

•645 

•7466 

•845 

•8988 

•10 

•2164 

460 

•6872 

•660 

•7504 

•860 

•8973 

•11 

•2296 

466 

•6916 

•655 

•7642 

•865 

•9008 

•12 

•2488 

'460 

•6969 

•660 

•7680 

•860 

•9043 

•13 

•2666 

465 

•6002 

•665 

•7619 

•865 

•9078 

•14 

•2696 

470 

•6046 

•670 

•7657 

•870 

•9113 

•16 

•2828 

•475 

•6088 

•675 

•7695 

•875 

•9148 

•16 

•2947 

•480 

•6130 

•680 

•7783 

•880 

•9183 

•17 

•8069 

485 

•6173 

•685 

•7771 

•885 

•9218 

•18 

•8188 

'490 

•6216 

•690 

•7808 

•890 

•9263 

•19 

•8305 

'495 

•6258 

•695 

•7846 

•895 

•9287 

•20 

•8420 

•600 

•6800 

•700 

•7884 

•900 

•9322 

•21 

•8638 

505 

•6842 

•705 

•7921 

•905 

•9856 

•22 

•8644 

'610 

•6888 

•710 

•7969 

•910 

•9391 

•23 

•8754 

■515 

•6426 

■715 

•7996 

•915 

•9426 

•24 

•8862 

'620 

•6466 

•720 

•8083 

•920 

•9469 

•25 

•8969 

625 

•6508 

•725 

•8070 

•925 

•9494 

•26 

•4074 

680 

•6649 

•780 

•8107 

•930 

•9628 

1 

•27 

•4177 

685 

•6690 

•785 

•8144 

•935 

•9562 

•28 

•4280 

'640 

•6631 

•740 

•8181 

•940 

•9596 

•29 

•4881 

645 

•6672 

•746 

•8218 

•945 

•9630 

•80 

•4481 

'660 

•6713 

•760 

•8255 

•950 

•9664 

•81 

•4680 

'655 

•6764 

•765 

•8291 

•965 

•9698 

•82 

•4678 

'660 

•6794 

•760 

•8828 

•960 

•9732 

•88 

■4776 

'665 

•6834 

•765 

•8865 

•965 

•9762 

•34 

•4871 

570 

•6875 

•770 

•8401 

•970 

•9799 

•85 

•4966 

•676 

•6915 

•775 

•8487 

•975 

•9883 

•86 

•6061 

580 

•6965 

•780 

•8474 

•980 

•9866 

•87 

•6164 

685 

•6996 

•785 

•8610 

•985 

•9900 

•88 

•6246 

'590 

•7035 

•790 

•9546 

•990 

•9983 

•89 

•6838 

695 

•7074 

•795 

•8582 

•996 

•9967 

•40 

•5429 

'600 

•7114 

•800 

•8618 

1^000 

1-0000 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  ZI.^Mtan  relative  Dimetulotu  ( 
with  Side  Slopee  varyini 

bottom  is  the  xneaxi  wid...^  ««»  ....w  ^^  «.««  .w^^.  «<».»£/»»««  «#.  i«»  w^^i.^. 
subtracted  from  tbe  meim  width,  will  giye  the  Dottom  ;  and  u  added,  will 
give  the  top.  Table  XII.  gives  the  discharge  in  cubic  feet  per  minute  from 
the  primary  channel,  70  wide,  and  the  corresponding  depths  taken  in  feet. 


267  to  271. 

^r«   o*  ^'^ 

i.'Bw,  wv< 

■  — — "''-I  J 

rr*  -"'  ^ 

The  mean  widths  are  given  in  the  top  horizontal  line,  and  the  corresponding 
depths  in  tbe  other  horizontal  lines.      They  may  be  taken  in  inches, 

feet,  yards,  fathoms,  or  any  other  measures,  whatever. 

70 

60 

50 

40 

85 

30         25 

20 

15 

10 

•125 

•18 

•15 

•17 

•20 

•28 

•26 

•29 

-35 

•48 

•25 

•27 

•30 

•35 

•40 

•45 

•52 

•58 

•71 

•98 

•375 

-41 

•46 

•54 

•60 

•67 

•76 

•88 

1^09 

1-51 

•5 

•55 

•62 

•73 

•80 

•89 

1^02 

1^19 

1-48 

2-04* 

•625 

•68 

•78 

-91 

1^00 

1-12 

1-29 

1-50 

1^88 

2-62 

•75 

•82 

•94 

1-10 

1^20 

1-85 

1-56 

1-82 

2-28 

3-22* 

•875 

•96 

1-10 

1-29 

1^41 

1-58 

1-83 

2^14 

2-69 

8-86 

1- 

1-10 

1-26 

1-48 

1-62 

1-81 

2-10 

2-46 

3-11 

4-50 

1-125 

1-24 

1-42 

1-67 

1-83 

2-04 

2.87 

2-79 

8-54 

6-19* 

1-25 

1-89 

1-58 

1-86 

2-04 

2-28 

2-65 

8-12 

8-98 

5-89 

1-375 

1-63 

1-74 

2-05 

2-25 

2-51 

2-92 

8-46 

4-43 

6-60 

1-6 

1-67 

1-90 

2-24 

2-40 

2-75 

8-20 

8-80 

4-88 

7-81 

1-625 

1-81 

2-06 

2-43 

2-67 

2-99 

8-47 

4-16 

6-34 

8-08 

1-75 

1-95 

2-22 

2-62 

2-88 

8-23 

8-75 

4-50 

6-80 

8-86 

;  1  -875 

2-09 

2-38 

2-81 

8-09 

3-47 

4-08 

4-86 

6-29 

9-68 

;2- 

2-23 

2-54 

3-00 

3-81 

3-72 

4-82 

6-22 

6-78 

10-50 

'2-125 

2-37 

2-70  1  8-19 

8-52 

3-96 

4-61 

6-58 

7-29 

11-37 

{2-25 

2-51 

2-86  !  8-88 

3-73 

4-21 

4-91 

6-95 

7 -SI* 

12-25 

2-375 

2-65 

3  02    8-57 

3-94 

4-46 

6-20 

6-31 

8-82 

18-12 

2-5       2-79 

3-18 

3-76 

4-16 

4-70 

6-60 

6-68 

8-84 

14-00 

2-625 

2-93 

3-84 

3-96 

4-88 

4-96 

6-79 

7-06 

9-38 

14-92 

275 

8-07 

8.51 

4  15 

4-60 

6-21 

6'09 

7^46 

9-93 

15-84 

2-875 

8-21 

3-67 

4-84 

4-82 

6-46 

6-39 

7-88 

10-48 

16-76 

3- 

3-35 

3-84 

4-54 

5-04 

6-72 

6-69 

8-22 

11-03 

17-68 

3-125 

3-49 

4-00 

4-78 

5-26 

6-97 

7-00 

8-62 

11-60 

18-68 

3-25 

3-68 

4-17 

4-93 

6-49 

6-23 

7-31 

9-02 

12-17 

19-68 

3-375 

8-77 

4-33 

5-18 

5-72 

6-49 

7-62 

9-42 

1274 

20-68 

3-5 

8-91 

4-50 

5-83 

5-95 

6-76 

7-98 

9-82 

18-82 

21-68 

8-625 

4-05 

4-66 

5-53 

6-17 

7-01 

8-26 

10-23* 

18-92 

22-76 

8-76 

4-19 

4-82 

5-78 

6^40 

7  •as 

8-67 

10-65 

14-68 

28-84 

S-875 

4-38 

4-98 

5-93 

6-62 

7-54 

8-89 

11-06 

16-14 

24-92 

4- 

4-48 

514 

6  18 

6-85 

7-81 

9-21 

11-48 

16-76 

26-00 

4-25 

4-76 

5-46 

6-54 

7-30 

8^85 

9-85 

12-88 

16-98 

28-18 

4-5 

6-05 

5-79 

6-95 

7-75 

8-90 

10-60 

18-19 

18-22 

80-86 

4-75 

5-33 

6-12 

7-86 

8-20 

9-45 

11-14 

14-07 

19-60 

82-68 

5- 

6-62 

6-45 

7-75 

8-66 

10^00 

11-79 

14-96 

20-80 

86-00 

5^26 

5-90 

6-78 

8-16 

9-14 

10-56 

12-61* 

15-86 

22-18 

37-40 

5-5 

6-18 

7-12 

8-57 

9-62 

11-10 

18-24 

16-77 

23-47 

39-81 

6-76 

6-46 

7-46 

8-98 

10-11 

11-66 

13-94 

17-71 

24-86 

42-83 

6- 

6-75 

7-80 

9-40 

10-60 

12^22 

14-66 

18-65 

26-25 

44-86 

JPor  a  emUar  Table,  $ee  p.  270. 
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THE  DISCHAmE  OF  WATER  FROM 


TABLE  XIL~-DiMeharge$fnm  ike  Primary  Channel  in  thejlnt  eoUmn  </  TahU ZI. 
If  tho  dimmidoos  of  toe  primary  channel  be  in  inches,  divide  the  diachargos 
in  this  table  by  500  ;  if  in  yarda,  multiply  by  15*6 ;  if  in  quarters,  multiply  by 
82 ;  and  if  in  fathoms,  bv  8S%  &c  :  see  pp.  243  to  251.  The  final  figtires  in 
the  dischamea  may  be  rejected  when  they  d3  not  exceed  one-half  per  oonL, 
or  0*5  in  100.    See  pages  207  to  271. 


Depths  of 

a  channel 

whose 

mean 

width  is 

70:- In 

feet 

FtUJs,  inclinations,  and  discharges  in  cubic  feet  per  minute. 

Interpolate  for  intermediate  falls ;  divide  greater  UHb  by  4,  and 

double  the  corresponding  discharges 

1  inch 
p*r  mile, 
1  in  03360. 

2  inches 
per  mile, 
lindl680. 

8  inches  6  inches  9  inches 
per  mile,  per  mile,  per  mile, 
1  in  211 2a  11  in  10500.  1  in  7040. 

12  inches  15  inrhcs^ 
per  mile.* per  mOe, 
Iin5280.|lin4224. 

•125 

47 

72 

93 

139 

175 

205 

288 

•25 

186 

210 

268 

403 

506 

596 

676 

•375 

249 

889 

498 

746 

940 

1105 

1252 

•50 

887 

603 

770 

1155 

1454 

1709 

1936 

•625 

541 

849 

1078 

1617 

2036 

2895 

2714 

•75 

714 

1112 

1420 

2128 

2681 

8153 

«673 

1  •876 

900 

1401 

1791 

2685 

3382 

8978 

4507 

1- 

1100 

1714 

2190 

8283 

4134 

4862 

5507 

M26 

1810 

2042 

2614 

3909 

4927 

6792 

6577 

1-25 

1584 

2384 

3058 

4581 

6766 

6780 

7690 

1-875 

1767 

2767 

3521 

5279 

6661 

7823 

8863 

1-50 

2018 

3142 

4006 

6016 

7588 

8915 

10099 

1^625 

2268 

3540 

4525 

6781 

8541 

10044 

11381  ' 

1-75 

2534 

8950 

5053 

7670 

9537 

11210 

12703  1 

1-875 

2812 

4384 

5599 

8386 

10570 

12429 

14083  1 

2- 

8090 

4821 

6161 

9230 

11628 

13675 

15513  ! 

2-125 

8377 

5273 

6788 

10092 

12718 

14966 

16943  , 

2^25 

3674 

5786 

7381 

10981 

13833 

16281 

18435  ! 

2^375 

8977 

6210 

7937 

11889 

14981 

17645 

19960  • 

2^50 

4293 

6699 

8563 

12829 

16161 

19045 

21534 

2-625 

4616 

7208 

9204 

13800 

17380 

20434 

23135  { 

2-75 

4947 

7716 

9865 

14782 

18624 

21886 

24800  ' 

2-875 

5280 

8238 

10525 

15773 

19887 

23360 

26473  ; 

3- 

5621 

8762 

11204 

16788 

21165 

24833 

28176  ; 

3  125 

5972 

9310 

11900 

17830 

22454 

26410 

29925  : 

8^25 

6329 

9862 

12614 

18897 

23780 

27994 

31714  ' 

8-375 

6689 

10420 

18320 

19963 

25145 

29570 

83507  1 

3^50 

7049 

10995 

14048 

21052 

26509 

31262 

35329  ' 

8-625 

7418 

11574 

14785 

22153 

27906 

32860 

37186 

3-75 

7794 

12168 

15526 

28284 

29321 

34479 

89080 

8 -876 

8178 

12753 

16283 

24416 

80756 

36170 

41013 

4- 

8566 

18854 

17070 

25592 

82225 

87898 

42954 

4-25 

9855 

14682 

18648 

27986 

85191 

41368 

46916 

4^50 

10178 

15849 

20267 

30366 

88254 

44982 

50973 

4  75 

11001 

17140 

21908 

32818 

41856 

48630 

55102 

5- 

11833 

18454 

28595 

35355 

44546 

52378 

69846 

5  25 

12696 

19802 

25362 

87989 

47795 

56209 

63688 

5^50 

13576 

21172 

27248 

40564 

51097 

60079 

68097 

5^75 

14478  22580 

29160 

48253 

54478 

64058 

72591 

6- 

15398  23995 

81122 

45969 

67897 

68082 

77154 

Ibr  a  timilar  Table,  $tep.  271. 
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TABLSXIL-DUekarymfrom  the  Frimary  CkanHel  in  tlsjlni  column  qf  TabU  XT. 
If  the  dimeiuiona  ut  the  prinuuy  channel  be  in  inches,  divide  the  diHcharges 
in  this  table  bv  500 ;  if  In  yards,  multiply  by  15*6,  if  in  quarters,  multiply  by 
32,  and  if  in  fathoms,  by  88*2,  etc. :  see  pp.  243  to  251.  The  final  figures  In 
the  discharges  may  be  rejected  when  they  do  not  exceed  one-half  per  cent, 
or  0-5  in  100.    See  pages  267  to  271. 


Falls 

,  inclinations,  and  dischaives  in  cubic  feet  per  minute. 

Depthsof 
a  channel 

Interpolate  for  intermediate  Alls :  divide  greater  'faUs  by  4.  and 

double  ti&e  corresponding  discharges. 

whose 

18  inches 

21  inches' 24  inches 

27  inches  30  inches  88  inches  86  inches 

width  is 

per  mile. 

per  mile, 

per  mile. 

per  mile, 
1  in  2347. 

per  mile, 

per  mile. 

per  mile, 

70:— in 

i  in  8520. 

1  in  3U17. 

1  in  2640. 

1  in  2112. 

1  in  1020. 

1  in  1760. 

feet 

258 

281 

303 

823 

843 

362 

880 

•125 

748 

815 

877 

936 

993 

1049 

1100 

•25  ' 

1887 

1511 

1627 

1786 

1843 

1952 

2037 

•375 

2145 

2336 

2515 

2684 

2852 

3023 

3155 

.50 

8004 

3274 

3527 

3753 

4021 

4207 

4414 

•625 

8957 

4311 

4645 

4966 

5287 

6553 

6817 

•75 

4991 

5422 

5859 

6274 

6650 

6992 

7342 

•875 

6097 

6622 

7159 

7631 

8107 

8540 

8974 

1^ 

7266 

7920 

8531 

9124 

9660 

10200 

10698 

1^125 

8514 

9284 

9995 

10658 

11318 

11923 

12620 

1-25 

9816 

10697 

11639 

12807 

13045 

18741 

14479 

1-375 

11182 

12185 

13152 

14007 

14862 

15656 

16448 

1-60 

12601 

18730 

14821 

15786 

16750 

17657 

18552 

1-625 

14069 

15331 

16525 

17616 

18700 

19698 

20696 

1-75 

15598 

16997 

18306 

19617 

20728 

21840 

22944 

1-875  . 

17157 

18697 

20141 

21469 

22803 

24017 

25242 

2-    ' 

18766 

20446 

22030 
23m 

23480 

24938 

26269 

27601 

2-125 

20410 

22247 

26647 

27129 

28578 

80027 

2-25  1 

22104 

24087 

25947 

27662 

29895 

80934 

82512 

2-376  ! 

28848 

25988 

27992 

29841 

81701 

33381 

85096 

2-50  I 

25669 

27953 

30100 

32069 

34086 

86910 

37725 

2-625  i 

27479 

29933 

32247 

84384 

36512 

38471 

40416 

2-75  1 

29818 

31947 

84408 

36697 

38968 

41055 

43185 

2-875 

31206 

34002 

36624 

89050 

41464 

43680 

46896 

3- 

38141 

36112 

88897 

41482 

44048 

46898 

48747 

8125 

35126 

38266 

41223 

43954 

46672 

49174 

51664 

3-25 

37109 

40438 

43656 

46438 

49330 

51951 

54686 

3-875  ; 

39140 

42631 

46925 

48963 

61993 

64775 

57650 

3-60 

41184 

44872 

48343 

61587 

54728 

57669 

60580 

3-625 

43273 

47158 

50807 

54162 

67514 

60685 

68656 

8-75 

45407 

49468 

63800 

56840 

60341 

68560 

66784 

3-875 

47551 

51818 

56882 

69414 

63200 

66576 

69961 

4- 

51911 

56686 

60973 

64974 

69013 

72694 

76388 

4-25 

56448 

61508 

66176 

70623 

75017 

79017 

82994 

4-50 

61014 

66500 

71625 

76408 

81097 

85426 

89767 

4-75 

65713 

71628 

77140 

82260 

87361 

92016 

96668 

5- 

70509 

76863 

82779 

88200 

93781 

98729 

108745 

5*25 

75383 

82169 

88434 

94344 

100200 

105560 

110905 

5-50 

80879 

87690 

94348 

100616 

106828 

112540 

118254 

575 

85407 

93093 

100275 

106911 

118506 

119616 

125664 

6- 

For  a  aimilar  Tahlt,  tetp.  271. 
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TABLE  XIII.— The  Square  BwO*  qf  the  J{flh  powen  qf  numben  for  JinJim§  Otf 
Diameter  qfa  Pepe,  or  dietetuiotu  ^  a  Ckantulfrom  the  Diedutrge,  or  theBnermg 
ehowittg  the  relative  DiedtargiMg  Poieere  tffpipee  <ifdiferemt  Diameter;  and  efamf 
eimilar  ChanneU  whatever,  eUmd  or  open.  8oe  p««;«s  17,  18,  245,  etc.— If  d  bo 
the  diameter  of  a  pipe,  in  feet,  and  d  the  discharge  in  cubic  feet  per  mlnute» 
then  for  long  straight  pipes  we  shall  have  for  velocities  of  neany  S  feet  per 

second,  d  =  2400  (/«)^,  and  d  =  *044  ("  )  :  or  if  d  be  the  discharge 
Mecond.  d  =  40  (A}»,   and  «J  =  -228  ( T")  • 


BeUtfve 
dimen- 
sions or 

RelatlTe 
dischatg- 

Relative 
dimen- 
sions or 

Relativo 
disohaxg- 

!  ReUtive 
'  sious  or 

1 

Relative  1 
diachaig-j 

Relative 
dimen- 
sions or 

Relative 

discbars- 

ing 

diameters 

ing 

ing 

ing      1 

1  diameters 

of  pipes. 

powers. 

of  pipes. 

powers. 

of  pipes. 

powers. 

'  of  pipesw 

powers. 

•25 

•031 

10*5 

367*2 

30*5 

6138- , 

61* 

29062- 

•5 

•177 

11* 

401-3 

31- 

5361- 

62* 

30268- 

•76 

•486 

11^5 

448-6 

31-5 

6569* 1 

63- 

31503- 

!• 

1- 

12- 

498-8 

32- 

6793* 

64* 

82768* 

1-25 

1-747 

12-5 

562*4 

32*5 

6022* ; 

65* 

84063- 

1-5 

2-766 

13^ 

609-3 

33* 

6266*; 

66- 

85388- 

1-76 

4*061 

136 

669-6 

33*5 

6496- 

67* 

36744- 

2- 

6-667 

14- 

733-4 

34* 

6741* 

68- 

38131- 

2-26 

7-694 

14-6 

800-6 

34-6 

6991- 

69  • 

39548- 

2-5 

9-882 

16- 

871-4 

36- 

7247- 

70- 

40996- 

2-76 

12-641 

15-6 

945-9 

86-6 

7609- 

71^ 

42476* 

8- 

16-688 

16- 

1024* 

86- 

7776- 

72- 

43988* 

8-25 

19-042 

16-5 

1105^9 

36-5 

8049- 1 

78- 

45631  - 

8-5 

22-918 

17- 

1191-6 

37- 

8327*  , 

74- 

47106* 

3-76 

27^232 

17-6 

1281-1 

87-5 

8611- 

75* 

48714* 

4^ 

82- 

18- 

1374*6 

88- 

*  8901 - , 

76- 

50354* 

4-25 

37-24 

18-5 

1472-1 

38-5 

9197- ' 

77- 

62027- 

4-6 

42-96 

W 

1673*6 

39- 

9498- 

78- 

63782- 

4.76 

49-17 

19-5 

1679-1 

39-5 

9806* 

79* 

55471- 
67243- 
59049- 

6- 

66*90 

20- 

1788-9 

40- 

10119* 1 

80- 

6*26 

63-15 

20*6 

1902-8 

41  • 

10764* 1 

81- 

6-5 

70-94 

21- 

2020-9 

42- 

11432* 

82- 

60888- 

676 

79-28 

21-6 

2143-4 

43- 

12125- 

88* 

62762- 

6- 

88-18 

22- 

2270-2 

44- 

12842.- 

84* 

64669- 

6 -26 

97*66 

22*5 

2401  -4 

45- 

13684* 

85* 

66611- 

6-6 

107-72 

23- 

2637- 

46- 

14861* 

86- 

68588* 

6-76 

118-38 

23-5 

2677-1 

47- 

16144* 

87- 

70599- 

7- 

129*64 

24- 

2821-8 

48- 

16963- 

88- 

72645- 

7-26 

141-53 

24-5 

2971-1 

49- 

16807 • 

89- 

74727" 

7-5 

164-06 

25- 

3126- 

60- 

17678* 

90  • 

76843- 

7^75 

167-21 

25-5 

3283-6 

51- 

18576* 

91- 

78996- 

8- 

181-02 

26- 

3446-9 

52^ 

19499- 

92- 

81184- 

8-26 

196-50 

26*5 

3615-1 

58- 

20450- 

98* 

83408* 

8^6 

210*64 

27- 

3788- 

64- 

21428- , 

94* 

85668- 

8-75 

226*48 

27*5 

8966-8 

65  • 

22434- 1 

96  • 

87965- 

9^ 

243- 

28- 

4148-5 

66- 

23468- , 

96* 

90298- 

9-26 

260*23 

28-6 

4336*2 

57- 

24629- 1 

97  • 

92668- 

9-6 

278*17 

29- 

4628-9 

68- 

25620- 

98- 

96075- 

9-75 

296*83 

29-5 

4726*7 

69* 

26738- 

99- 

97519- 

10- 

316*23 

30- 

4929*6 

60- 

27886- 

1 

100- 

100000' 

See 

Tables  at 

pp.  28  and  S 

(0. 
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TABLE  XIV. — Weights  and  Measures,  English  and  French,  wUh 

their  relative  values. 

MEASUIIES  OF  LENGTH. 

12  inches 1  foot. 

7'92  inches 1  link. 

.   3  feet .        .1  yard. 

5i  yards    »  16^  feet 1  pole  or  perch. 

100  links      =     22  yards 1  chain  s  4  perches. 

40  perches  =  220  yards 1  furlong. 

8  furlongs « 1760  yards 1  mile. 

6  feet       .        .        .    •    .        .        .        .     .  1  fieithom. 

120  fathoms 1  cable's  length. 

1  Nautical  mile 6082*7  feet 

69*12  miles 1  Qeographical  deg. 

8  miles 1  league. 

The  Irish  perch  is  21  feet,  or  seyen  yards.  Three  inches  make  a 
palm ;  4  inches  a  hand ;  5  feet  a  pace.  In  cloth  measure  2^  inches 
«1  nail;  4  nailssl  quarter;  4  quarterssl  yard.  11  Irish  miles  = 
14  English. 

MEASURES  OF  SURFACE, 

144  square  inches 1  square  foot. 

62*7264        ,, 1  square  link. 

9  square  feet 1  square  yard. 

80^  square  yards  =    272|  square  feet    .        .    .  1  square  perch. 

10,000  square  links    «  4,856  „  .        .  1  square  chain. 

10  square  chains  «=     160  square  perches       .     .  1  acre. 

1  rood  s=     210  square  yards      .        .  40  perches. 

4  it)ods  »  4,840  „  .    .  1  acre. 

640  acres  »  8,097,600    „  .        .  1  square  mile. 

The  Irish  perch  is  49  square  yards,  or  441  square  feet ;  1  Irish  acre 
=s  la.  2r.  19*1 7p.  statute  ;  and  1  statute  acre  a  Oa.  2r.  18'77p.  Irish. 
The  Irish  acre  is  to  the  Knglish  acre  as  196  is  to  121.  100  square  feet 
is  a  square  of  roofing,  slating,  or  flooring.  The  Cunningham  acre  is 
=  la.  Ir.  6*61p.  English ;  and  1  English  acre  is  =  Oa.  8r.  3*904p. 
Cunningham  measure. 
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Table  XIY, —Ccntimied. 

CUBIO  MEASURES,  AKD  MEASURES  OF  CAFACITT  AND  WEIGHT. 

1728  cubic  inches 1  cubic  foot. 

27  cubic  feet 1  cubic  yard. 

16i  X   14  X  1  =24*75  cubic  feet        .        .     1  perch  of  masonry. 
161 X  16i  X  1}=3    806  cubic  feet    .        .     .     1  rod  of  brickwork. 
21   X   li  X  1  a    30^  cubic  feet        .        .    1  Irish  perch  of  masoniy. 
Tlie  standard  gallon,  imperial  measure,  contains  10  lbs.  avoirdupoiny 
of  distilled  water  at  62"*  Fahrenheit,  the  barometer  standing  at  80 
inches. 

6*232  gallons 1  cubic  foot. 

8*665  cubic  inches  •        .    .     1  gill. 

4  gills  84*659  cubic  inches .        .        .1  pint. 

2  pints  69*318  cubic  inches    .        •    .    1  quart. 

2  quarts  138*687  cubic  inches     .        .     1  pottle. 

2  pottles  277*274  cubic  inches       .    .     1  gallon. 

2  gallons  554*548  cubic  inches   «        .     1  peck. 

4  pecks  2218*191  cubic  inches  .  .  1  bushel. 
The  old  Irish  gallon  contained  217*6  cubic  inches,  nearly,  and  1  Irish 
gallon  is  therefore  «>  *7850  imperial  gallon.  The  Irish  barrel  of  lime 
still  measures  40  Irish  gallons,  or  31  *S21  imperial  gallons,  or  4  bushels, 
rery  nearly.  It  is  measured  by  a  cylindricsd  measure  12  inches  high, 
and  about  21^  inches  in  diameter,  containing  half  the  Irish  bsirel.  In 
the  old  English  liquid  measures  for  ale  and  beer,  36  gallons  b  1  barrel 
=  36  gallons,  3i  quarts,  imperial  measure,  nearly. 

For  old  dry  measures,  32  bushels  =  1  chaldron  ^  31  bushels,  1  pint, 
imperial  measure,  nearly. 

And  36  bushels  of  coal «  1  chaldron  of  coal  s  34  bushels,  3  pecks, 
and  1  gallon,  imperial  measure.  The  Irish  barrel  of  wheat  is  20  stone  ; 
barley,  16  stone  ;  oats,  14  stone. 

TROT  WEIGHT. 

24  grains 1  pennyweight. 

20  pennyweights      .        .        .    .    1  ounce. 

12  ounces 1  pound. 

One  pound  Troy  =  22*816  cubic  inches  of  distilled  water,  barometer 
0  inches ;  thermometer  62°. 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 


48» 


Table  XIV. — CotUinued. 

apothecaky's  weight. 

20  Troy  grains 1  scruple. 

3  scruples 1  drachm. 

8  drachms 1  ounce. 

12  ounces 1  pound. 

The  ounce  weighs  480  grains,  and  the  pound  5760  grains,  both  in 
Tro^  and  Apothecary's  weight. 


ATOIRDTTPOIS  OR  COMMERCIAL  WEIGHT. 

One  pound  Ayoirdupois  =  27*7274  cubic  inches,  when  the  barometer 
stands  at  30  inches,  and  Fahrenheit's  thermometer  at  62^ 
16  drachms  =       437*5  Troy  grains         .     1  oxmce. 
16  ounces     =    7,000     Troy  grains    .     .     1  pound. 
14  pounds    =  98,000     Troy  grains         .     1  stone. 
8  stone      =       112  pounds      .        .    .    1  cwt. 
20  cwt.        =    2,240  pounds  ...     1  ton. 
One  pound  Troy  »  '82286  pounds  Avoirdupois,  and  one  pound 
Avoirdupois  is  equal  to  1*2153  pounds  Troy.    One  ton  of  water  con- 
tains about  36  cubic  feet,  equal  to  224  imperial  gallons^  nearly.    Ten 
pounds  of  distilled  water  is  equal  to  one  gallon,  the  barometer  and 
thermometer  being  as  above  stated. 


FRENCH  MEASURES  AND  WEIGHTS  COMPARED  WITH 

ENGLISH. 


MEASURES  OF  LENGTH. 


1  m^tre 

1  decimetre     .     . 

1  centimetre. 

1  millimetre    .    . 

1   kilometre    (or 


8*2808992  feet 
•3280899 
*0328090 
'0082809 


If 
If 
11 


•621383   mile 


1  foot  English   *8047945mMr6 
littch   .        .    -0253995 
lyard       .     .    '9143835 
1  perch  5i  yds.  5*0291092    „ 
1  mile   .        .    1  '60932  kilometre 


If 


1000  metres) 

1000  metres  =  100  decimetres  =:  10  hectometres  —  1  kilometrs  — 
3280'849  feet  The  metre  is  the  10,000,Q00th  part  of  a  qnadiental  arc 
of  the  meridian  or  39 '3708  inches  English. 
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Table  XlY.^CojUinuecL 


MEASURES  OF  SIJIIFACE. 


119*6033  sq.  yds 
11-9608 


11960 


»f 


I* 


1  are 
1  declare 
centiareorflq. 
johtte. 


1  declare      .        .  107 '6480    „ 
1  are  .     .  1076*480    „ 

100  ares  ^  lo  declares  ^  1  hectare  =  2*471148  English  across  aad  17 
hectares  are  nearly  eqnal  to  42  English  acres. 

The  old  Paris  foot  ia  equal  1*06578  English  feet ;  the  French  inch  » 
1*06578  English  inches  ;  the  French  line  *08882  of  an  EngUsh  inch  ; 
the  toise  is  eqnal  to  6  French  feet  =  76*736  English  inches  «  6*89468 
feet.  The  perch  is  18  French  feet ;  and  the  perch  royal  22  French 
feet  The  French  square  foot  or  inch  =  1*13581  English  square  feet  or 
inches,  and  the  cubic  foot  or  inch  =  1*21061  EngUsh. 

MEASURES  OF  SOLIDITY  AND  CAPACITY. 

Cubic  feet 
ImiUistere.        .        .     -0353166 
1  centisterB    .        .    .     -358166 
1  decistere  .        .        .  8*58166 
1  stere(onecubicm^tre)  85*3166 
1  decastere  .    858*166 

1  hectostere       .     .  3581*66 
1  kUostere      .         35316*6 

The  stere  and  kiloUtre  are  each  a  cubic  m^tre,  and  the  litre  is  a 
cubic  decimetre ;  50  litres  are  nearly  11  English  gallons,  and  1  hecto- 
litre 2*751207  English  bushels. 


Eng.  cub.  in. 

1  miUilitre  . 

.     •0610279 

1  centilitre 

.     .     -610279 

1  decilitre  . 

.  6  10279 

lUtie 

61-0279 

1  decalitre 

.    610*279 

1  hectolitre 

.     .  6102*79 

1  kilolitre 

61027-9 

MEASURES  OF  WEIGHT. 


-0648  gramme  »  1  grain,  and  7000  grains  s  1  lb.  Ayoirdupois. 


1  milligramme  . 
1  centigramme . 
1  decigramme  . 
1  gramme 


*015482  grains 
-15432 
1-5482 
15*482 


If 
it 


1  gramme        .  15*432  grains 
1  decagramme        -022051b.  aroir. 
1  hectogramme      -2205       i, 
1  kiUogramme     2*2046       „ 

1*01605  tonnes  «  1  ton :  and  1  tonne  »  -984206  ton. 

A  gramme  is  the  weight  of  a  cubic  centimetre  of  water  and  its 

maximum  density  in  vacuo :  1  kilogramme  »  2*6795  lbs.  Troy  b  2*2046 

lbs.  Avoirdupois.     1  metrical  quintal  220*46  lbs.  Avoirdupois^  and  10 

quintals  is  equal  to  the  weight  of  a  cubic  mhttQ  of  water. 
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Table  XW.— Continued. 

CIRCULAK  FRENCH  AND  BRITISH  DITI8I0N8. 

fV  circular  measure  French  »     '9  degree  BritiAh. 

'9x60 


Is 


/ 


s 

I 


1  minute 
1  second 

1"  circular     = 

I  minute       = 
1  second        = 


100 
*9  X  60  X  60 


100  X 100 

100 

90 
degrees. 
100 


s:  '54  British  minutes, 
a  '324  British  seconds. 

=  I'i  =  It  French 


100 


'9x60 
French  minutes. 

,  100  _    100  X 100 


\ 


'9x60       60        -9x60x60 
—  d£  seconds. 


=     1-851    =    13 


^  3-08642  =  S^ 


TO  REDUCE  FRENCH  TO  BRITISH  CIBCX7LAK  MEASURES  AND  THE 

REVERSE. 

Put  n   s  number  of  British  degrees,  Ac.  and  nt  »  French,  &c. 
Then  n,  =  «#  —  ^&nd  n,  —  n,  +J^  . 

ExAMFUB  1.    Given  309*"  57'  90'  French.    Bednce  to  British 

809-57 -90 
deduct  one-tenth     30'95'79 


n* 


278*''62-ll  in  decimal  measures  English 
60 


87  '2660    English  minutes  and  decimals 
60 


15-9600    English  seconds  and  decimals. 
[  An».  278*''37''15''-96  according  to  the  sexagesimal  division. 
Example  2.    Reduce  278^  :  37' :  15* '96  British  to  French. 
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Table  XIV.— C<m<in««f. 

Make  the  seconds  decimal  parts  of  the  mmutes  by  dividiDg  tliem  by 
6  and  multiplying  by  10.  This  then  becomes  278'''87'-266.  In 
degrees,  minutes,  and  decimals  of  a  minute.  Make  now  the  minate» 
into  degrees  and  decimals  of  a  degree  by  dividing  thim  by  6  and 
multiplying  by  10.    The  last  figures  then  become 

278°'621  1b  English  degrees  and  decimals 
Add  one-ninth        SO  *9579 


809  '5790. 
Decdial    309°  57'  90*  French  measure. 
And  so  on  for  others. 


FRENCH  HSA8UIIE.S  COMPAESD  WITH  ENGLISH. 

1  HiTREaS*281  feet=i39'87l  inches»l-0936  yds. -  *1988 perch. 
1  SQUARE  HftTRE= 10*764  sq.  feet =1*196  yds. » '08954  sq.  perch* 
1  FOOT ='8048  m^tre  and  1  inch=s  '0254  m^tre. 
1  SQUARE  FOOTS  *0929  sq.  m^tre. 
1  PERCH  164  feet »  5 '029  metres. 
1  8Q.  PERCH  2724  ft.~25'292  sq.  m^tres=80l  sq.  yds. 
(  Are=100  sq.  mitres^  8'954  sq.  perches. 

\  A.  R.    P. 

I  Hectare— 100  .<lr«t»895'4  perches  »  2  1  85 '4. 
1  lb.  avoirdupois  s  '4586  kilogramme. 
Litres  cubic  decimetre b1*76  pinta  '22  gallon. 
Decalitre » 2*2  gallons»l*l  peck 
Hectolitres  22  gallons =11  pecks =2 '75  bushels. 
EiLOGRAHME  =  Weight  of  One  cubic  decimetre  of  distilled  wmter 
a  2'2046  lbs.  avoirdupois  =  2'679  troy  pounds  =  15482'8& 
grains. 
1000  KILOGRAMMES =2204*6  lbs.=  nearly  1  Unk  BrUiah^  is  caOed 

a  MiLUER  or  Tonne =19'68  cwt 
EiLOORAMME=1000  grammes  "■  10,000  decigrammes. 

7000  grains =1  lb.  avoir.    487 '5  grs.  b1  oz.  avoir. 
5760  grains  b1  lb.  troy.    480  grs.  =  1  oz.  troy. 
Force  op  oRAvmr  ^=9-809  m&tres»82'18  feet 
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Table  XIY.— C7(m<tniM<2. 

/  Length  of  a  pendnlam  i 

<  Vibrating  seconds        >  =s  89  *13  inches  =^  "994  m^tre. 
(  Latitude  of  Paris         J 

Mean  barometer  at  30  inches  b  76 -2  centimetres. 

1  cabic  foot  of  air  weighs  536  grains  or  1*23  ozs.  ayoirdupois  — 

1  •!  oz.  troy. 
Average  height  of  an  atmosphere  of  equal  density  about  5  miles. 
/  Thermometers  9°  Fahrenheit »  6**  centigrade =4**  Reaumur. 

<  Freezing  point   82°  Fahrenheit »     0"  centigrade  =  0**  B6aumur. 
«( Boiling  point    212'        „  -100*        „        =80' 


Boiling  water. 


1 


saf 0^ (Ji  Freediiig  water. 


^  increase  or  decrease  in  volume  of  a  gas  for  each  degree  centigrade. 
jIo  increase  or  decrease  in  volume  of  a  gas  for  each  d^ree  Fahrenheit. 
10  lbs.  of  distilled  water »!  gallon. 
62-32  lbs.  of  distilled  water=l  cube  foot 
1  cubic  foot =6 '232  gallons. 

100**  French=90°  British.    French  division  r»  100  minutes, 
1  minutes  100  seconds. 
<     I    100  minutes  French=54  minutes  British, 
g    C    100  seconds  Frenchs82*4  seconds  British.    Or 
e     I    rFwnch=  •9'*  British. 
^     '    r  French- -64  British. 

1"  French  ='324  British. 
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TABLE  XV:    Omtiiia  tU  Wiiakt,  Spttyit  Ontilw.  ilrnfU, 


<m*-pmrtk<i 

tht  ultimaU  HrityOl  i*n  fimn  ik 

^k 

..™.^ 

■Sg 

■3I> 

II 

h 

1= 

■Sfl 

I 

k 

Aouto,  Bngllih  Onnrth     . 
Aih 

11.OT0 

11,000 

1.1M,000 
1,000,000 

im 

iS 

44  1 

-71 

Bnn.Gut      .       .       .    . 

s.eoo;ooo 

lo.aoo 

6IS-0 

B-40 

BNd>   .         ... 

i>:soo 

i,sao,ooo 

8,600 

10.000 

48-0 

WA^     .      . 

800 

MO 

l-» 

Do.  FiK  Red  *  . 

'soo 

ISO -3 

2-OS 

C«lur,  Anuricao,  Fnab 
Do.         do.        aoMO 

'■ 

.ii.000 

;s.eoo 

11,400 

0-01 

so'oSo 

638 -0 

S'oi 

ooiooo 

8-ea 

DbU,  ChriiUan*      . 

»;«oo 

1,070,000 

•^Do.  Momal       .        . 

10.400 

1,630,000 

17,000 

ow 

eiioo 

700,000 

10,800 

3a« 

0-90 

Fli,     NBwEnsUnd 

B.00tt 

).1»,000 

lolooo 

I^aRlga  .       .        . 

T.ooo 

1,100,000 

6,100 

li,000 

016 

GUM       .        .        . 

6,000,000 

S3,000 

163S 

ttOD.  Wrought,  EiiglKI 

67,000 

4si-i 

Do.  to  Bit.  .      T^ 

67,000 

7*0 

'  liiviiaed . 

.-l,i«0 

4ST 

Cut  lion  Cimm,  cold 

ilut 

wlJoo 

I7,5!fo,O00 

loiboo 

1. 1.700 

7'07 

Do.  Hot  BliuC 

tn,m 

10,080,000 

108,000 

li.'oo 

440« 

T-04 

Do.  BiKTory      .       . 

li^OOOOOO 

90,000 

441-0 

7-00 

^•1^"   ■    .  ■    . 

slooo 

900,000 

8,800 

m.'joo 

son 

«,wo 

1,050,000 

6,600 

^,'«l 

0-M 

L«d,  cut  Engliih  . 

7»,000 

71T-4 

Do!  mUltdTbHt      . 

:.;  W 

11-40 

Hartilo,  Hhltg  lullui 

S.GiO.OOO 

IW 

Do.     black  O1IW117. 

sItoo 

1«S'4 

Moitu,  old.  lood  . 

"so 

lOTl 

Onk,  EngUih 

loiooD 

i,«o,ooo 

8.800 

IT.SOO 

oio 

Do.  C^idUn 

10.  MO 

a,  160,000 

0,600 

io,»oo 

0fl7 

Do.  Dmatida 

i.-m 

1.100,000 

07* 

Do.  AMon  . 

13,000 

2,2S0,O00 

OOT 

0-97 

Do.  Aditatlc 

a.wo 

(170,000 

61 -0 

Plncpllcl.      .       . 

olsoo 

1,23^000 

7;800 

0-00 

Do.  red      .        .       . 

B.MO 

i,s*o,ooo 

5,800 

411 

HtT«r,  Btoadud     . 

40.»00 

'*■" 

SM».  -VOtt,        .        . 

uisoo 

it.soo.ooo 

13.800 

S-89 

1,W0,000 

1I4-4 

8t«d,Kft 

120',  boo 

488-1 

T-80 

M,DOO,0O0 

^fsa:^ 

siioo 
z.+oo 

8,000 

108-0 

1^ 

Tak,  dry 

u,«oo 

S,*00,000 

11,101 

16,000 

o-oo 

Tto.iit      .        .       . 

4.000,000 

6,300 

444-7 

7-SO 

,  London,  January^  1874. 
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f 

Humberts  New  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humber,  Assoc.  Inst. 
C.E.,  and  M.  Inst.  M.E.  Author  of  "Cast  and  Wrought  Iron 
Bridge  Construction,"  &c.  &c.  This  work,  it  is  expected,  will  con- 
tain about  50  Double  Plates,  and  upwards  of  300  pages  of  Text 
Imp.  4to,  half  bound  in  morocco.  \In  the  press, 

*^*  In  aceumulating  information  for  this  volume^  the  Author  has 
been  very  liberally  tusistea  by  several  professional  friends,  who  have 
made  this  department  of  engineering  their  special  study.  He  has  thus 
been  in  a  position  to  prepare  a  work  which,  within  the  limits  of  a 
sin^  volume,  will  supply  the  reader  with  the  most  complete  and 
reliable  information  upon  all  subjects,  theoretical  and  practical,  con- 
nected with  water  supply.  Through  the  kindness  of  Messrs.  Ander- 
son,  Bateman,  ffawksley,  Homersham,  Baldwin  Latham,  Lawson, 
Milne,  Quick,  Rawlinson,  Simpson,  and  others,  several  works,  con- 
structed  and  in  course  of  construction,  from  the  designs  of  these  gentle* 
men,  will  be  fully  illustrated  and  described, 

AMONGST  OTHBR  IMPORTANT  SUBJECTS  THB  rOLLOWINC  WILL  BB  TXXATBD 

IN  THE  TBXT  :— 

Historical  Sketch  of  the  means  that  have  been  proposed  and  adopted  for  the  Supply 
of  Water.— Water  and  the  Foreign  Matter  usually  associated  witn  it.~Rainfall  and 
Evaporation.— Springs  and  Subtenanean  Lakes.— Hydraulics.— The  Selection  of 
Sitesfor  Waterworks.— Wells.— Reservoin.— Filtration  and  Filter  Beds.— Reservoir 
and  Filter  Bed  Appendages.— Pumps  and  Appendages.— Pumping  Machinenr.— • 
Culverts  and  Conduits,  Aqueducts,  Svphons,  &c. — Distribution  of  Water.— Water 
Meten  and  general  House  Fittings.— Cost  of  Works  for  the  Supply  of  Water. — Con- 
sbmt  and  Intermittent  Supply. — Suggestions  for  preparing  Plans.  &c.  &c.,  together 
with  a  Description  of  the  numerous  Works  illustrated,  viz : — ^Aberdeen,  Bideford, 
Cockennouth,  Dublin,  Glasgow,  Loch  Katrine,  Liverpool,  Manchester,  Rotherham, 
Sunderland,  and  severa  others ;  with  copies  of  the  Contract,  Drawings  and  Specifi- 
cation in  e^h  case. 


4  WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 

Humber^js  Modem  Engineering.    Fourth  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER. 
ING,  1866.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  laxge 
scale,  and  Photographic  Portrait  of  John  Fowler,  Esq.,  President 
of  the  Institution  of  Civil  Engineers.    Price  3/.  3/.  half-morocco. 

List  of  the  Plates  and  Diagrams* 

NAMB  AMD  DBSOUPTIOM.  PLATBS.  NAMB  OF  BMCIXBBX. 

Abbey  Mills  Pumping  Statioo,  Main  Drainage, 

Metrmljs z  to  4  Mr.  Bazalgette,  CE. 

Barrow  l>ocks 5  to  9  Messrs.  MX^eanftSdllman, 

Manquis  Viaduct,  Santiago  and  Valparaiso  [C.  £. 

Ra&way xo,  xx  Mr.  W.  Loyd,  CK. 

Adams'  Locomotive,  St  Helen's  Canal  Railw.      xs,  13  Mr.  H.  Cross,  CE. 
Cannon  Street  Station  Roof,  Charing  Cross 

Railway X4  to  r6  Mr.  T.  Hawkshaw,  CE. 

Read  Brid^ce  over  the  River  Moka 17,  x8  Mr.  H.  Wakefield,  CE. 

Telegraphic  Apparatus  for  Mesopotamia  ....         19  Mr.  Siemens,  CE. 

Viaduct  over  the  River  Wye,  Midland  Railw.  ao  to  n  Mr.  W.  H.  Barlow,  CE. 

Sc  Germans  Viaduct,  Cornwall  Railway  ....      33,  34  Mr.  Brund,  CE. 

Wroui^t-Iron  Cylinder  for  Diving  Bell 95  Mr.  J.  Coode,  CE. 

Millwall  Docks 36  to  3X  Messrs.  J.  Fowler,  CE., and 

William  Wilson,  CE. 

Milroy's  Patent  Excavator    3a  Mr.  Milroy,  CE. 

Metropolitan  District  Railway 33   to  38  Mr.  J.  Fowler,  Engineer-in- 

Ouef,    and    Mr.   T.   M. 
Johnson,  CE. 
Harbours^  Ports,  and  Breakwaters a  to  c  

TTie  Letterpress  comprises — 

A  concluding  article  on  Harbours,  Ports,  and  Breakwaters,  with 
Illustrations  and  detailed  descriptions  of  the  Breakwater  at  Cher- 
bourg,  and  other  important  modem  works ;  an  article  on  the 
Telegraph  Lines  of  Mesopotamia ;  a  full  description  of  the  Wroo^t- 
iron  Diving  Cylinder  for  Ceylon,  the  circumstances  under  which  it 
was  used,  and  the  means  of  working  it ;  full  description  of  the 
Millwall  Docks ;  &c.,  &c,  &c. 


Opinions  of  the  Press, 


tf 


Mr.  Humberts  *  Record  of  Modem  Engineering '  is  a  work  of  peculiar  value^  as 
wdl  to  those  who  design  as  to  those  who  study  the  art  of  engineering  coostractioa. 
It  embodies  a  vast  amount  of  practical  information  in  the  form  of  full  descriptiaas  and 
workmg  drawings  of  all  the  most  recent  and  noteworthy  engineering  works^  The 
plates  are  excellently  lithographed,  and  the  present  volume  of  the  '  Record '  is  not  a 
whit  behind  its  pndtc9»san."—AfecJkaHsc/  Magazine. 

"  We  gladly  welcome  another  year's  issue  of  this  valuable  publication  from  the  able 
pen  of  Mr.^  Humber.  The  accuracy  and  general  excellence  of  this  woric  ac«  wdl 
known,  while  its  usefulness  in  giving  the  measurements  and  details  of  some  of  the 
latest  examples  of  engineering,  as  carried  out  by  the  most  eminent  men  in  the  profes- 
sion, cannot  be  too  highly  prized."— yff^fcoM. 


'*  The  volume  forms  a  valuable  companion  to  those  which  have  preceded  it, 
cannot  fail  to  prove  a  most  important  addition  to  every  engineering  library."— ifmnv 

"  No  one  of  Mr.  Humbei's  volumes  was  bad  ;  all  were  worth  their  cost,  fron  the 
mass  of  plates  from  well-executed  drawings  which  they  contained.    In  this  remct, 
perhaps,  this  last  volume  is  the  most  valuable  that  the  author  has  produced."— A»r- 
ttcai  Meckamc£  ycumal 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 


Humbcf^s  Great  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  William  Humber,  Assoc.  Inst  C.  E.,  and  M.  Inst 
M.  £.  Third  Edition,  revised  and  much  improved,  with  115  Double 
Plates  (20  of  which  now  first  appear  in  this  edition),  and^numerous 
additions  to  the  Text  In  2  vols.  imp.  4to.,  price  6/.  idr.  td.  half- 
bound  in  morocco. 


•< 


'  A  very  valuable  cootribution  to  die  standard  literature  of  civil  engineerine.  In 
addition  to  elevations,  plans,  and  sections,  large  scale  details  are  given,  which  verv 
much  enhance  the  instructive  worth  of  these  illustrations.  No  engineer  would  wil- 
lingly be  without  so  valuable  a  fund  of  information.  '^— Civil  Engineer  ami  A  rckitects 
Journal. 

^  *'  The  First  or  Theoretical  Fart  contains  mathematical  investigations  of  the  min- 
ciples  involved  in  the  various  forms  now  adopted  in  bridge  construction,  "niese 
investigations  are  exceedingly  complete,  having  evidently  been  very  carefully  con- 
sidereaand  worked  out  to  the  utmost  extent  that  can  be  desired  by  the  practical  man. 
The  tables  are  of  a  very  useful  character,  containing  the  results  of  the  most  recent 
experiments,  and  amongst  them  are  some  valuable  tables  of  the  weight  and  cost  o 
cast  and  wrought-iron  structures  actually  erected.  The  volume  of  text  is  amply  illus- 
trated by  numerous  woodcuts,  plates,  and  diagrams :  and  the  plates  in  the  second 
volume  do  great  credit  to  both  draughtsmen  and  engravers.  In  conclusion,  we  have 
great  pleasure  in  cordially  recommending  this  work  to  our  readers."— ^f^»a». 

"  Mr.  Humber's  stately  volumes  lately  issued^in  which  the  most  important  biidnf 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brundi,  Sir  W. 
Cubitt,  Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  oxix 
most  eminent  engineers,  are  drawn  and  specified  in  great  detail"— i&»/iwMr. 

WeaUs  Engineer  s  Pocket-Book. 

THE  ENGINEER'S,  ARCHITECTS,  and  CONTRACTOR'S 
POCKET-BOOK  (Lockwood  &  Co.'s;    formerly  Weale's). 
Published  Annually.     In  roan  tuck,  gilt  edges,  with  10  Copper- 
Plates  and  numerous  Woodcuts.     Price  dr. 
"  A  vast  amount  of  really  valuable  matter  condensed  into  the  small  dimen- 
sions of  a  book  which  is,  in  reality,  what  it  professes  to  be — a  pocket-book.    .... 
We  cordially  recommend  the  book  to  the  notice  of  the  managers  of  coal  and  other 
mines ;  to  them  it  will  prove  a  handy  book  of  reference  on  a  variety  of  subjects  more 
or  less  intimately  connected  with  theu"  profession." — Colliery  Guardian, 

*'  Every  branch  of  engineering  is  treated  of,  and  facts,  figures,  and  data  of  every 
kind  abound." — Mechanics'  Mag. 

"  It  contains  a  large  amount  of  information  peculiarly  valuable  to  diose  for  whose 
use  it  is  compiled.  We  cordially  commend  it  to  the  engineering  and  architectuza 
profesuons  generally.*'-r^MMt£'  youmal. 

Iron  Bridges^  Girders ^  Roofs,  &c. 

A  TREATISE  on  the  APPLICATION  of  IRON  to  the  CON- 
STRUCTION of  BRIDGES,  GIRDERS,  ROOFS,  and  OTHER 
WORKS  ;  showing  the  Principles  upon  which  such  Structures  are 
Designed,  and  their  Practical  Application.  Especially  arranged  for 
the  use  of  Students  and  Practical  Mechanics,  all  Mathematical  For- 
mulae and  Symbols  being  excluded.  By  Francis  Campin,  C.E. 
With  numerous  Diagrams.    i2mo.,  cloth  boards,  3/. 

{Recently  published, 
**  For  numbers  of  young  engineers  the  book  is  just  the  cheap,  handy«  first  guide 
they  want" — Middlesharvueh  IVeekly  News. 

''^  Invaluable  to  those  who  have  not  been  educated  in  mathematics.''— CW/rrr> 
Guaniian. 
"  Remarkably  acconte  and  well  written."— ^r/noA 


6  WORKS   PUBLISHED  BY  LOCKWOOD  &  CO. 

Barlow  on  the  Strength  of  Materials^  enlarged, 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  sipplication  in  Architecture,  the  Constraction  of 
Suspension  Bridges,  Railways,   &c.  ;    and  an  Appendix  on   the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.     By  Peter  Barlow,  F.R.S.    A  New  Edition, 
revised  by  his  Sons,'P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow, 
r.R.S.,  to  which  are  added  Experiments  by  Hodgkinson,  Fair- 
bairn,  and  KiRKALDY  ;  an  Essay  (with  Illustrations)  on  the  effect 
produced  by  passing  Weights  over  Elastic  Bars,  by  the  Rev. 
Robert  Willis,  M.A.,  F.R.S.     And  Formulae  for  Calculating 
Girders,  &c     The  whole  arranged  and  edited  by  W.  H umber, 
Assoa  Inst.  C.E.,  Author  of  **  A  Complete  and  Practical  Treatise 
on  Cast  and  Wrought-Iron  Bridge  Construction,"  &c.  &c.     Demy 
8vo,  400  pp.,  with  19  large  Plates,  and  numerous  woodcuts,  price 
l&r.  cloth. 

I'  Althoueh  isAied  as  the  sixth  edition,  die  volume  under  consideration  is  wordiy  of 
bdng  regarded,  for  all  practical  purposes,  as  an  entirely  new  work  .  .  .  the  tiook 
is  undoubtedly  worthy  of  the  highest  commendation." — Mining  youmal. 

*'  An  increased  value  has  been  given  to  this  very  valuable  work  by  the  additioo  of 
a  large  amount  of  information,  which  cannot  prove  otherwise  than  highly  useful  to 

those  who  require  to  consult  it The  arrangement  and  editmr  of  this 

mass  of  information  has  been  undertaken  by  Mr.  Humber,  who  has  most  ably  raliiUed  a 
task  requiring  special  care  and  ability  to  render  it  a  success.** — Mechanic^  Mttgrntine, 

"  The  best  book  on  the  subject  which  has  yet  appeared.  ....  We  Imoiv  of 
no  work  that  so  completely  fulfils  its  mission." — English  Mechanic. 

"  There  is  not  a  pupil  in  an  engineering  school,  an  apprentice  in  an  engineer's  or 
architect's  office,  or  a  competent  clerk  of  works,  who  will  not  recognise  in  the  scientific 
volume  newly  given  to  circulation,  an  old  and  valued  irveRA.**'-^BuUding  Newt, 

'*  The  standard  treatise  upon  tlus  particular  subject" — Engineer. 

Strains,  FormulcB  &  Diagrams  for  Calculation  of 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
.  STRENGTH  ;  consisting  of  Formulae  and  Corresponding  Diagrams,, 
with  numerous  Details  for  Practical  Application,  &c  By  William 
HUMBER,  Assoc.  Inst  C.E.,  &c  Fcap.  8vo,  with  nearly  lOO 
Woodcuts  and  3  Plates,  price  71.  (yd,  cloth. 

'*The  arrangement  of  the  matter  in  this  little  volume  is  as  convenient  as  it  well 

could  be The  system  of  employing  diagrams  as  a  substitute  for  complex 

computations  is  one  justly  coming  into  spreat  favour,  and  in  that  respect  Mr.  Humberts 
volume  is  fully  up  to  the.  times." — Engineering. 

"  The  formulae  are  neatly  expressed,  and  the  diagrams  good.*' ^jlfhemntm. 

"We  heartily  commend  this  really  handy  bocuc  to  our  engineer  and  architect 
readers." — EngHeh  Mechanic. 

Mechanical  Engineering. 

A  PRACTICAL  TREATISE  ON  MECHANICAL  ENGI- 
NEERING :  comprising  Metallurgy,  Moulding,  Casting,  Forging, 
Tools,  Workshop  Machinery,  Mechanical  Manipulation,  Manufac- 
ture of  the  Steam  Engine,  &c.  &c.  With  an  Appendix  on  the 
Analysis  of  Iron  and  Irou  Ore,  and  Glossary  of  Terms.  By  Francis 
Campin,  C.E.  Illustrated  with  91  Woodcuts  and  28  Plates  of 
Slotting,  Shaping,  Drilling,  Punching,  Shearing,  and  Riveting 
Machines — Blast,  Refining,  and  Reverberatory  Furnaces — Steam 
Engines,  Governors,  Boilers,  Locomotives,  &c.     Svo,  cloth,  I2J. 
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Strains, 

THE    STRAINS   ON    STRUCTURES   OF    IRONWORK; 
with  Practical  Remarks  on  Iron  Construction.    By  F.  W.  Sheilds, 
M.  Inst.  C.£.  Second  Edition,  ydth.  5  plates.    Royal  &¥0,  5^.  cloth. 
Contents. — Introductory  Remarks ;  Beams  Loaded  at  Centre  \  Be2ms  Loaded  at 
unequal  distances  between  supports ;  Beams  uniformly  Loaded  ;  Girders  with  triangu- 
lar bracing  Loaded  at  centre :  Ditto,  Loaded  at  unequal  distances  between  supports ; 
Ditto,  imiformly  Loaded;  Calculation  of  the  Strains  on  Girders  with  triangular 
Basings ;  Cantilevers;  Continuous  Girders;  Lattice  Girders;  Girders  with  Vertical 
Struts  and  Diagonal  Ties ;  Calculation  of  the  Strains  on  Ditto ;  Bow  and  String 
Girders ;  Girders  of  a  form  not  belonging  to  any  nu^lar  figure  ;  Plate  Girders  •,  Ap- 
portionments of  Material  to  Strain ;  Coxnparison  of  different  Girders ;  Ftoportion  of 
Length  to  Depth  of  Girders  ;  Character  ofthe  Work  ;  Iron  Rools. 

Construction  of  Iron  Beams^  Pillars,  &c. 

IRON  AND  HEAT,  Exhibiting  the  Principles  concerned  in  the 
Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  James  Armour, 
C.E.     Woodcuts,  i2mo,  cloth  boards,  y.  6d. ;  doth  limp,  zr.  6d, 

[Recently  published. 
_  "  A  very  useful  and  thoroughly  practical  litde  volume,  in  every  way  desenring  of 
circulation  amongst  working  men." — Mining  youmal, 

**  No  ironworker  who  wishes  to  acquaint  himself  with  the  principles  oi  his  own 
trade  can  afford  to  be  without  it." — South  Durham  Mercury, 

Power  in  Motion. 

POWER  IN  MOTION :  Horse  Power,  Motion,  Toothed  Wheel 
Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &c. 
By  James  Armour,  C.£.  With  73  Diagrams.  i2mo,  cloth 
boards,  3^.  (xL  [Reeendy  published. 


**  Numerous  illustrations  enable  the  author  to  convey  his  meaning  as  explicitly  as 
it  is  perhaps  possible  to  be  conveyed.  The  value  of  the  theoretic  andpractical  know- 
ledge imparted  cannot  well  be  over  estimated." — NeweattU  Weekfy  Chroniett, 


Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON :  con- 

'    taining  Outlines  of  the  History  of  Iron  Mannfaeture,  Methods  of 

Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 

Iron  and  Steel,  &c.     By  H.  Bauerman,  F.G.S.,  Associate  ofthe 

Royal  School  of  Mines.    With  numerous  Illustrations.     Third 

Edition,  revised  and  much  enlarged.      i2mo.y  cloth  boards,  ^s.  dd, 

"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important 

points,  while  all  matesial  matters  ax«  very  fully  and  thoroughly  entered  into.*"— 

Standard, 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  useful  Problems  iu  Geodesy 
and  Practical  Astronomy,  and  FormuUe  and  Tables  for  Facilitating 
their  Calculation.  By  Lieut-General  Fromb,  R.£^,  late  In- 
spector-General  of  Fortifications,  &c.  Fourth  Edition,  Enlarged, 
thoroughly  Revised,  and  partly  Re-written.  By  Captain  Charles 
Warren,  R.E.,  F.G.S.  With  1%  JPlatcs  find  115  Woodcuts, 
royal  8vo,  price  i6j-.  doth.  \Jud  pMished. 
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Hydraulics, 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weizs, 
Pipes,  and  Rivers.  By  JOHN  Neville,  Civil  Ei^ineer,  M.R.LA. 
Second  Edition,  with  extensive  Additions,  New  Formulae,  Tables, 
and  General  Infonnation  on  Rain-fall,  Catchment-Basins,  Drainage^ 
Sewerage,  Water  Supply  for  Towns  and  Mill  Power.  With  nume- 
rous Woodcuts,  8vo,  i6r.  cloth. 

*^*  This  work  contains  a  vast  number  of  different  hydraulic 
formulae,  and  the  most  extensive  and  accurate  tables  yet  published 
for  finding  the  mean  velocity  of  discharge  from  triangular,  quadri* 
lateral,  and  circular  orifices,  pipes,  and  rivers ;  with  experimental 
results  and  co-efficients;  effects  of  friction;  of  the  velocity  of 
approach ;  and  of  curves,  bends,  contractions,  and  expansions  ;  the 
best  fonn  of  channel ;  the  drainaene  effects  of  long  and  short  weirs, 
and  weir-basins  ;  extent  of  back-water  from  weirs ;  contracted 
channels;  catchment-basins;  hydrostatic  and  hydrauUc  pressure; 
water-power,  &c  &c. 


Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Fiflh  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law's  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Traut wine's  Field  Practice  of  Laying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8vo, 
&r.  td,  cloth.  \*  Trautwine  on  Curves,  separate,  price  $«• 

"  One  of  the  most  important  text-books  for  the  general  surveyor,  and  there  is 
scarcely  a  qaestion  connected  with  leTelling  for  which  a  solution  would  be  sought  but 
that  would  be  satisfactorily  answered  by  consulting  the  volume."— ilfcwM^  JmtmaL 

"  The  text'book  on  levelling  in  most  of  our  engineering  schools  and  coU^cs."— 
Rngmeer, 

"  The  publishers  have  rendered  a  substantial  service  to  the  jm^esnon,  cspedaDy  to 
the  younger  members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  wonc" 

Tunnelling. 

PRACTICAL  TUNNELLING ;  explaining  in  Detail  the  Setting 
out  of  the  Works ;  Shaft  Sinking  and  Headmg  Driving  ;  Ranging 
the  Lines  and  Levelling  Under-Ground  ;  Sub- Excavating,  Tunber- 
ing,  and  the  Construction  of  the  Brickwork  of  Tunnels ;  with  the 
Amount  of  Labour  required  for,  and  the  Cost  of  the  various  Por- 
tions  of  the  Work.  By  Fredk.  W.  Simms,  F.R.A.S.,  F.G.S., 
M.  Inst  C.E.,  Author  of  "A  Treatise  on  the  Principles  and 
Practice  of  Levelling,"  &c  &c.  Second  Edition,  revised  by  W. 
Davis  HASKOLiTCivil  Engineer,  Author  of  "The  Engineer's 
Field-Bool^"  &&  &c  With  16  large  folding  Plates  and  numerous 
Woodcuts.     Imperial  8vo,  i/.  ix.  doth. 
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Strength  of  Cast  Iron^  &c, 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  the  late  Thomas  Tredgold,  Mem. 
Inst.  C.E.,  Author  of  **  Elementary  Principles  of  Carpentry,"  &c. 
Fifth  Edition,  Edited  by  Eaton  Hodgkinson,  F.R.S.  ;  to 
which  are  added  EXPERIMENTAL  RESEARCHES  on  the 
STRENGTH  and  OTHER  PROPERTIES  of  CAST  IRON. 
By  the  Editor.  The  whole  Illustrated  with  9  Engravings  and 
numerous  Woodcuts.     8vo,  I2s,  cloth. 

\*  Hodgkinson's  Experimental  Researches  on  the 
Strength  and  Other  Properties  of  Cast  Iron  may  be  had 
separately.    With  Engravings  and  Woodcuts.    8vo,  pHce  ox.  cloth. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE  ;   an  Exposition 

of  its  Comparative  Merits,   and  an   Essay  towards  an  Improved 

System  of  Construction,  adapted  especially  to  secure  Safety  and 

Economy.     By  Dr.   Ernst  Alban,   Practical   Machine  Maker, 

Plau,  Mecklenberg.     Translated  from  the  German,  with  Notes,  by 

Dr.  Pole,  F.R.S.,  M.  Inst  C.E.,  &c  &c     With  28  fine  Plates, 

8vo,  its.  6d,  cloth. 

'  "  A  work  like  this,  which  goes  thoroughljr  into  the  examination  of  the  high-pressure 

engine,  the  hoiler,  and  its  appendages,  &c.,  is  exceedingly  useful,  and  deserves  a  place 
in  every  scientific  library.  "—-vS'/ra/w  Shipping  Chronicle, 

Steam  Boilers, 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction, and  Economical  Working.  By  Robert  Wilson,  late 
Inspector  for  the  Manchester  Steam  Users'  Association  for  the 
Prevention  of  Steam  Boiler  Explosions,  and  for  the  Attainment  of 
Economy  in  the  Application  of  Steam.  i2mo,  doth  boards,  328 
pages,  price  ts. 

Tables  of  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.  By  Alexander 
Beazeley,  M.  Inst.  C.E.  Printed  on  48  Cards,  and  sold  in  a 
cloth  box,  waistcoat-pocket  size,  price  3J-.  6^. 

*'  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 
the  hands  free  to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity 
of  work.  They  are  clearly  printed,  and  compactly  fitted  into  a  small  case  for  th« 
pocket — an  arrangement  that  will  recommend  them  to  all  practical  men." — Engineer. 

**  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 
cards,  which  he  puts  into  his  own  card-case,  and  leaves  the  rest  behind." — Athemewm, 

Laying  Out  Curves. 

THE  FIELD  PRACTICE  of  LAYING  OUT  CIRCULAR 
CURVES  for  RAILROADS.  By  John  C.  Trautwine,  C.E. 
(Extracted  from  SiMMS's  Work  on  Levelling).     8vo,  5j.  sewed. 
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Estimate  and  Price  Book. 

THE  CIVIL  ENGINEER'S  AND  CONTRACTOR'S  ESTI- 
MATE  AND  PRICE  BOOK  for  Home  or  Foreign  Service  r 
in  reference  to  Roads,  Railways,  Tramways,  Docks,  Harbours, 
Forts,  Fortifications,  Bridges,  Aqueducts,  Tunnels,  Sewers,  Water- 
works, Gasworks,  Stations,  Barracks,  Warehouses,  &c  &c  &c. 
With  Specifications  for  Permanent  Way,  Telegraph  Materials, 
Plant,  Maintenance,  and  Working  of  a  Railway ;  and  a  Priced  list 
of  Machinery,  Plant,  Tools,  &c  By  W.  D.  Haskoll,  CE- 
Plates  and  Woodcuts.  Published  annually.  8vo,  cloth,  6s, 
"  As  furaishine  a  variety  of  data  on  every  conceivable  want  to  civil  enpneert  and 
contractors,  this  book  has  ever  stood  perhaps  vamyiXiciA."^ Architect. 

Surveying  (Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns*  Water  Supplies,  Docks  and  Harbours ;  with  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.  K  , 
Author  of  **  The  Engineer's  Field  Book,"  •*  Examples  of  Bridge 
and  Viaduct  Construction,"  &c.  Demy  8vo,  price  I2s.  6d.  doth, 
with  14  folding  Plates,  and  numerous  Woodcuts. 
*'  A  most  useful  and  well  arranged  book  for  the  aid  of  a  student    .    .    .    .  ^  We 

can  strongly  recommend  it  as  a  carefully-written  and  valuable  text-book."— ^ariiUIrr. 
"  Mr.  Haskoll  has  knowledge  and  experience,  and  can  so  give  expression  to  it  as 

to  make  any  matter  on  which  he  writes,  dear  to  the  youngest  pupil  in  a  surveyor's 

oflSce." — CoUUry  Gumrdian, 
"A  volume  which  cannot  fail  to  prove  of  the  utmost  practical  utility.    ....    It 

is  one  which  may  be  safely  recommended  to  all  students  who  aspire  to  become  dean 

and  expert  siuireyors." — Mining  yournal. 

Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Siirveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplementary  Volume  on  WATER- 
WORKS, SEWERS,  SEWAGE,  and  IRRIGATION.  By  W. 
Davis  Haskoll,  C.E.  Numerous  folding  Plates.  Demy  8to,  a 
vols,  in  one,  clotli  boards,  i/.  \s,  (published  at  2/.  41.) 

Mining  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables ;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Exposition  of  the  Correct  Principles 
of  Laying  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties:  to  which  is  appended  M.  THOMAN'S  (of 
the  CrAlit  Mobilier,  Paris)  TREATISE  on  COMPOUND  IN- 
TEREST  and  ANNUITIES,  with  LOGARITHMIC  TABLES. 
By  William  Lintern,  Mining  and  Civil  Engineer,  iraio^ 
strongly  bound  in  cloth  boards,  with  four  Plates  of  Diagrams, 
Plans,  &c  ,  price  lOr.  (xi,  {Just  puStished. 

"  Contains  much  valuable  information  given  in  a  small  compass,  and  which,  as  far 
as  we  have  tested  it,  is  thoroughly  trustworthy."— /fwi  and  Coal  Trades  Review, 
^   **  The  matter,  arrangement,  and  illustration  of  this  work  are  all  excellent,  and  make 
It  one  of  the  best  of  its  \aD±"'^-Standardt 
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Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use»  and  Manage- 
ment ;  Remarks  on  Fire-Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems ;  Hints  on  Fire  Brigades,  &c.,  &c 
By  Charles  F.  T.  Young,  C.E.  With  numerous  Illustrations, 
handsomely  printed,  544  pp. ,  demy  8vo,  price  l/.  4^.  cloth. 
"  We  can  most  heartily  commend  this  bo<^  ....  It  is  really  the  only  English 
work  we  novr  have  upon  the  subject" — Engineering. 

"  We  strongly  recommend  the  book  to  the  notice  of  all  who  are  in  any  way  in- 
terested in  fires,  fire-engines,  or  fire-brigades." — Meckamc^  Mag<um*» 

Manual  of  Mining  Tools, 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.  By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  Volume  of  Text. 
i2mo.    Wi£  an  Atlas  of  Plates,  containing  235  Illustrations.    4to. 

Together,  price  9J-.  cloth  boards.  [Recently  published, 

**  Students  in  the  Science  of  Mbing,  and  not  only  they,  but  subordinate  officials  in 

mines,  and  even  Overmen,  Captains,  Managers,  and  viewers  may  sain  practical 

knowledge  and  useful  hints  by  the  study  of  Mr.  Morgans's  Manual. " —  Colliery 

Guardian. 

"  A  very  valuable  work,  which  will  tend  materially  to  improve  our  mining  litera- 
ture."— Mining  Jourttal. 

Gas  and  Gasworks, 

A  TREATISE  on  GASWORKS  and  the  PRACTICE  of 
MANUFACTURING  and  DISTRIBUTING  COAL  GAS. 
By  Samuel  Hughes,  C.E.  Third  Edition,  revised  by  W. 
Richards,  C.K  With  68  Woodcuts,  bound  in  cloth  boards, 
l2mo,  price  4r. 

Waterworks  for  Cities  and  Towns, 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with   a  Description  of  the  Principal  Geological  Formations  of 
England  as  influencing  Supplies  of  Water.     By  Samuel  Hughes, 
F.G.S.,  Civil  Engineer.     New  and  enlarged  edition,  i2mo,  cloth 
boards,  with  numerous  Illustrations,  price  5x.  \yust  published, 

"  One  of  the  most  convenient,  and  at  the  .same  time  reliable  works  on  a  subject, 
the  vital  importance  of  which  cannot  be  over-estimated." — Bradford  Observer, 

Coal  and  Coal  Mining, 

COAL  AND  COAL  MINING :  a  Rudimentary  Treatise  on.     By 
Wabington  W.   Smyth,  M.A.,  F.R.S.,  &c..  Chief  Inspector 
of  the  Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.     New 
edition,  revised  and  corrected.     i2mo.,  cloth  boards,  with  nume- 
rous Illustrations,  price  \s.  td. 
**  Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outlme  is  given  of  evezv  known  coal-field  in  this  and  other  countries,  as  well  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  Interest  a  ver>' 
large  number  of  readers." — Mining  Journal. 

Certainly  experimental  skill  and  rule-of-thumb  practice  would  be  greatly  en- 
riched hy  the  addition  of  the  theoretical  knowledge  and  scientific  information  which 
Mr.  Warington  Smyth  communicates  in  combination  with  the  results  of  his  own  ex- 
perience and  personal  research.*'— C^/Ziiro'  Guardian, 
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Field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S FIELD-BOOK.  By  W.  Davis  Haskoll,  Civfl 
Engineer.  Third  Edition,  much  enlarged,  consisting  of  a  Series 
of  Tables,  with  Rules,  Explanations  of  Systems,  and  Use  of  Theo- 
dolite for  Traverse  Surveymg  and  Plotting  the  Work  with  minute 
accuracy  by  means  of  Straight  Edge  and  Set  Square  only ;  Levelling 
with  the  Theodolite,  Casting  out  and  Reducing  Levels  to  Datum, 
and  Plotting  Sections  in  the  ordinary  manner;  Setting  out  Curves 
with  the  Theodolite  by  Tangential  Angles  and  Multiples  with  Right 
and  Left-hand  Readings  of  the  Instrument;  Setting  out  Curves 
without  Theodolite  on  the  System  of  Tangential  Angles  by  Sets  of 
Tangents  and  Offsets ;  and  Earthwork  Tables  to  80  feet  deep,  cal- 
culated for  every  6  inches  in  depth.  With  numerous  wood-cuts, 
i2mo,  price  izr.  cloth* 

"A  very  useful  work  for  the  practical  engineer  and  surveyor.  Every  person 
cneaeed  in  engineering  field  operations  will  estimate  the  importance  of  sudi  a  work 
and  rae  amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable 
tables  prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volume.**— JPm7- 
•way  News. 

"  The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 
of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 
genuine  traverse  tables  existmg  all  the  same/' — Atkenetum, 

**  The  work  forms  a  handsome  pocket  voltune,  and  cannot  fail,  from  its  portability 
and  utility,  to  be  extensively  patronised  by  the  engineering  profession.^^^MM^ 

"  We  strongly  recommend  this  second  edition  of  Mr.  HaskoII's  '  Field  Book'  to  al 
classes  of  surveyors." — Collitry  Guarduin. 

Earthwork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.  By  Alex.  T.  S.  Graham, 
C.E.,  Resident  Engineer,  Forest  of  Dean  Central  Railway.  With 
numerous  Diagrams.     i8mo,  2j.  6</.  cloth. 

"  As  a  really  handv  book  for  reference,  we  know  of  no  work  equal  to  it ;  and  the 
railway  engineers  and  others  employed  in  the  measurement  and  calculaticm  of  earth- 
work will  find  a  great  amount  of  practical  information  very  admiraUy  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices." — Artixaiu 

Harbours. 

THE  DESIGN  and  CONSTRUCTION  of  HARBOURS.  By 
Thomas  Stevenson,  F.R.S.E.,  M.I.C.E.  Reprinted  and  en- 
larged from  the  Article  "  Harbours,"  in  the  Eighth  Edition  of  "  The 
Encyclopaedia  Britannica."  With  10  Plates  and  numerous  Cuts. 
Svo,  lor.  6</.  cloth. 

Mathematical  and  Drawing  Instruments. 

A  TREATISE  ON  THE  PRINCIPAL  MATHEMATICAL 
AND  DRAWING  INSTRUMENTS  employed  by  the  Engineer, 
Architect,  and  Surveyor.  By  Frederick  W.  Simms,  M.  Inst. 
C.E.,  Author  of  "  Practical  Tunnelling,"  &c  Third  Edition,  with 
numerous  Cuts.     i2mo,  price  3/.  td,  doth. 
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Bridge  ConstrucHan  in  Masonry^  Timber,  &  Iran. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON  ;  consistrnflf  of 
46  Plates  from  the  Contract  Drawings  or  Admeasuiement  of  scueot 
Works.    By  W.  Davis  Haskoll,  CE.     Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
illustrated  with  6  pages  of  Diagrams.     Imp.  4to^  price  2/.  12/.  ^tL 
half-morocco. 
*'  One  of  the  very  few  works  extant  descending  to  the  level  of  ordinarj  routine,  and 
treating  on  the  common  cvery-day  practice  of  tne  railway  engmeer.  ...  A  work  of 
'  the  present  nature  by  a  man  of  Mr.  HasJcoH's  experience,  must  prove  invaluable  to 
hundreds.    The  tables  of  estimates  appended  to  this  edition  will  consideimbly  fnhanrw 
ks  value."— ^MtfTMrrrpv/: 

Mathematical  Instruments^  their  Construction,  &c. 

MATHEMATICAL  INSTRUMENTS  :  their  CONSTRUC- 
TION,  ADJUSTMENT,  TESTING,  AND  USE;  comprising 
Drawing,  Measuring,  Optical,  Surveying,  and  Astronomical  Instru- 
ments. Bv  J.  F.  Heather,  M.A.,  Author  of  "Practical  Plane 
Geometry,"  "Descriptive  Geometry,"  &a  Enlarged  Edition,  for 
the  most  part  entirely  rewritten.  With  numerous  Wood-cuts. 
i2mo,  cloth  boards,  price  5/.  \N<nv  ready. 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  John  Hakt.  Third  Edition,  with 
Plates.     Imperial  8vo,  price  &r.  doth. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  huge  folding  Plates.  By  Geo.  Watson 
Buck,  M.  Inst.  CE.  Second  Edition,  corrected  by  W.  H. 
Barlow,  M.  Inst.  CE.  Imperial  8vo,  12s.  doth. 
"Th*  standard  text-book  for  all  engineers  regarding  skew  arches,  is  Mr.  Bock's 
treatise,  and  it  would  be  impossible  to  consult  a  better."— ^NtfUMirr. 

Wealds  Series  of  Rudimentary  Works. 

ThdM  hl^y  poptOar  and  cheap  Bartos  of  Books,  now  oomprlstng 
nearly  Three  Hundred  dietlnot  Worke  In  almost  every  department  of 
Science,  Art,  and  Xduoatlon,  are  recommended  to  ttie  notice  of  Xn- 
glneera,  Arohltecte,  Builders.  Artisans,  and  Btndents  generally,  as  well 
as  to  those  Interested  in  Workmen's  Uhrarles,  Free  Idhraries,  Iiiterary 
and  Sdentiflo  Institutions,  OoUeges,  Bchoolb,  Bcience  Glasses,  Ac.,  Ac 
*«^  Iilsts  may  be  had  on  application  to  IjOOKWOOD  *  00. 

Wealds  Dictionary  of  Terms  in  Architecture^ 
Engineering,  Art,  &c. 

A  DICTIONARY  of  TERMS  used  .in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCHy1i:OLOGY,  the  FINE  ARTS,  &c.  By  John  Weale. 
Fourth  Edition,  enlarged  and  revised  by  Robert  Hunt,  F.R.S., 
Keeper  of  Mining  Records,  Editor  of  *^  Ure's  Dictionary  of  Arts," 
&C.     i2mo,  cloth  boards,  price'6j.  ]y tut  published. 
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ARCHITECTURE,  &C. 

CoHsirucfian. 

THE  SCIENCE  of  BUILDING :  an  Elementary  Treatise  on 

the  Principles  of  Constniction.     By  E.  Wyndham  Tarn,  M.A., 

Architect.     Illustrated  with  47  Wood  Engravings.     Demy  Sto, 

price  &r.  6d,  cloth.  \ Recently ptMUk^ 

*'  A  very  valuable  book,  which  we  strongly  recommend  to  all  students.  ~i7i(£Urr. 

"While  Mr.  Tarn's  valuable  little  volume  is  quite  sufficiently  scientific  to  answer 

the  purposes  intended,  it  is  written  in  a  style  tnaU  will  deservedlv  make  it  popular. 

The  diagrams  are  numerous  and  exceedixigly  well  executed,  and  the  treatise  does 

credit  alace  to  die  author  and  the  publisher. '^i^Ms^wMr. 

*'  No  architectural  student  sh«nild  be  without  this  hand-book  kH  oonstructkMMLl 
Icnowledse.'* — Architect. 

**The  l>ook  is  very  far  from  being  a  mere  compilation ;  it  is  an  able  digest  of 
Information  which  is  only  to  be  founa  scattered  through  various  works,  and  *'<^»*'"ff 
more  really  original  writing  than  many  putting  fordi  fax  stronger  claims  to  originality.** 
-^Engmeering. 

Beaton's  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
oi  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work,  priced  according  to  the  present  value  of  material 
and  labour.  By  A.  C.  Beaton,  Author  of  'Quantities  and 
Measurements.'  33  Woodcuts.     Leather,  waistcoat-pocket  size.  zr. 

Bmton's Builders' and  Surveyors  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  with  a  Treatise  on  the  Measurement  of 
Timbers,  and  Complete  Specifications  for  Houses,  Roads,  and 
Drains.  By  A.  C.  Beaton,  Author  of  '  Quantities  and  Measure- 
ments.' With  19  Woodcuts.   Leather.   Waistcoat  pocket  size.  zr. 

[New  ready. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE  y  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  By  C.  WiCKES,  Architect, 
Author  of  "  The  Spires  and  Towers  of  the  Mediaeval  Churches  di 
England,"  &c.  First  Series,  consisting  of  30  Plates ;  Second 
Series,  31  Plates.  Complete  in  i  vol.,  4to,  price  2/.  lOir.  half 
morocco.  Either  Series  separate,  price  i/.  71.  each,  half  morocca 
"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic 

architect,  and  they  will  prove  very  valuable  and  suggestive  to  architects,  students,  and 

amateurs." — Buuding  News. 

The  Architect's  Guide. 

THE  ARCHITECT'S  GUIDE ;  or,  Office  and  Pocket  Com- 
panion for  Engineers,  Architects,  Land  and  Building  Surveyors, 
Contractors,  Builders,  Clerks  of  Works,  &c.  By  W.  Davis 
'Haskoll,  C.E.,  R.  W.  Billings,  Architect,  F.  Rogers,  and 
P.  Thompson.  With  numerous  Experiments  by  G.  Renniz, 
C.E.,  &c.     Woodcuts,  i2mo,  cloth,  price  3^.  td. 
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Vitruviu^  Architecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  Joseph  Gwilt,  F.S.A.,  F.R.A.S. 
Numerous  Plates.    i2mo,  cloth  limp,  price  5x. 

The  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.  By  George  Wight- 
wick,  Architect,  Author  of  "  The  Palace  of  Architecture,"  &c.  &c 
Second  Edition.    With  numerous  Woodcuts.    8vo,  7x.,  extra  cloth. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  George  Pyne,  Author  of  a  **  Rudimentary  Treatise  on  Per- 
spective for  Beginners."    With  14  Plates,  4to,  71.  6^^.,  boards. 

CoNTBNTS. — I.  Pnctical  Rules  on  Drawing— Outlines.  II.  Ditto— the  Grecian 
and  Roman  Orders.  III.  Practical  Rules  on  Drawing — Perspective.  IV.  Practical 
Rt^  00  Light  and  Shade.    V.  Practical  Rules  on  Colour,  &c.  &c 

Drawing  for  Engineers^  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  South  itensington.  Second  Edition,  carefully  revised. 
With  upwards  of  300  Plates  and  Diagrams.  i2mo,  cloth, 
strongly  bound,  4r.  (xl,  [Now  ready, 

"  Even  accomplished  draughtsmen  will  find  in  it  much  that  will  be  of  use  to  them. 
A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — EngmetriMg, 

"An  indispensable  book  for  teachers  of  engineering  drawing."  —  Mechanics' 
Magasine, 

Cottages^  Villas,  and  Country  Houses. 

DESIGNS  and  EXAMPLES  of  COTTAGES,  VILLAS,  and 
COUNTRY  HOUSES ;  being  the  Studies  of  several  eminent 
Architects  and  Builders  ;  consisting  of  Plans,  Elevations,  and  Per- 
spective Views ;  with  approximate  Estimates  of  the  Cost  of  each. 
In  4to,  with  67  plates,  price  i/.  I/.,  cloth. 

Builders  Price  Book. 

THE  BUILDER'S  AND  CONTRACTOR'S  PRICE  BOOK. 
(Lockwood  &  Co.'s)  with  which  is  incorporated  Atchley's  Builder*s 
Price'Book  and  the  Illustrated  Price-Book  for  1874,  containing  the 
present  prices  of  all  kinds  of  Builders'  Materials  and  Labour,  and 
of  all  Trades  connected  with  Building,  with  Memoranda  and 
Tables  required  in  making  Estimates  and  taking  out  quantities,  and 
Lists  of  the  Members  of  the  Metropolitan  Board  of  Works,  of 
Districts,  District  Officers,  and  District  Surveyors,  and  the  Metro- 
politan Bye-laws,  with  Five  Plates,  containing  Plans,  Elevations, 
and  Views  of  Mansions,  Villas  and  Cottages,  and  a  Specification. 
Crown  8vo,  strongly  bound,  price  4r. 
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Handbook  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up  Specifications  and  Contracts  for  Works  and  Constructioiis. 
Illustrated  by  Precedents  of  Buildings  actually  executed  \x^  eminent 
Architects  and  Engineers.  Preceded  by  a  Preliminary  Essay,  and 
Skeletons  of  Specifications  and  Contracts,  &c.,  &c.,  and  explained 
by  numerous  Lithograph  Plates  and  Woodcuts.  By  Professor 
Tromas  L.  Donaldson,  President  of  the  Royal  Institute  of  British 
Architects,  Professor  of  Architecture  and  Construction,  UniTeisity 
Collie,  London,  M.I.B.A.,  Member  of  the  various  European 
Academies  of  the  Fine  Arts.  With  A  Review  of  the  Law  of 
Contracts,  and  of  the  Responsibilities  of  Architects,  Engineers, 
and  Builders.  By  W.  Cunningham  Glen,  Barrister-at-Law,  of 
the  Middle  Temple.  2  vols.,  8vo,  with  upwards  of  I  lOO  pp.  of 
text,  and  33  Lithographic  Plates,  cloth,  2/.  zr.    (Published  at  4/.) 


«( 


In  those  two  volumes  of  x,ioo  parses  (together),  forty-four  specifications  of  executed 
worics  are  given,  including  the  specincations  for  parts  of  the  new  Houses  of  Parliament, 
by  Sir  Qttrles  Bany,  and  for  the  new  Royal  Exchange,  by  Mr.  Tite,  M.P.  The 
latter,  in  particular,  is  a  very  complete  and  remarkable  document  ^  It  embodies,  to  a 
great  extent,  as  Mr.  Donaldson  mentions,  *  the  bill  of  quantities,  with  the  descriptioa 
of  the  works^*  and  occupies  more  than  xoo  printed  pages. 

"  Amongst  the  other  known  buildings,  the  specincations  of  which  axe  given,  are 
the  Wiltshire  Lunatic  Asylum  (W^tt  and  Brandon}  :  Tothill  Fields  Prison  (R.  Abcm- 
ham)  ;  the  City  Prison,  HoUoway  (Bunning) ;  the  High  School,  Edinburgh  (Hamiltoo) ; 
Clothworkers'  Hall,  London  (Angel) ;  Wellington  College,  Sandhuist  (J.  Shaw) : 
Houses  in  Grosvenor  Square,  and  elsewhere ;  Sl  Geoige's  Church,  JDoncaster 
(Scott) ;  sevoal  works  of  smaller  size  ^y  the  Author,  including  Messrs.  Shawns  Ware- 
house in  Fetter  Lane,  a  very  successful  elevation  :  the  Newcastle-upon-Tyne  Railway 
Sution  JJ.  Dobson) ;  new  Westminster  Bridge  (Page) ;  the  High  Level  Bridbe,  New- 
castle (K.  Stephenson) ;  various  works  on  the  Great  Northern  Railwav  (Brydone) : 
and  one  Frenoi  specification  for  Houses  in  the  Rue  de  Rivoli,  Paris  (MM.  Armand, 
HittorflT,  PeUcchet,  and  Rohauh  de  Fleury,  architects).  The  last  is  a  very  dabocate 
composition,  occupying  seventy  pages.  The  majority  of  the  specifications  have  iOos- 
trations  in  the  shape  of  elevations  and  plaxis. 

"  We  are  most  glad  to  have  the  present  work.  It  is  valuable  as  a  record,  and  more 
valuable  still  as  a  book  of  precedents. 

"  About  140  pages  of  the  second  volume  are  appropriated  to  an  expositkm  vi  the 
law  in  rdation  to  the  legal  liabilities  of  engineers,  architects,  contractors,  and  buiMen, 
by  Mr.  W.  Cunningham  Glen,  fiarrister-at-law;  intended  rather  fur  those  pexsoms 
tmm  for  the  lq;al  practitioner.  Suffice  it,  in  conclusion,  to  say  in  words  what  our 
readers  will  have  .     "^       ■  '      •^         •        -p        .»  .  .•...- 

Donaldson's  Hanoi 


nthered  for  themselves  from  the  particulars  we  have  given,  that 
(book  of  Specifications  must  be  bought  by  all  architects.**— ^jmUStt. 


Specifications  for  Practical  Architecture, 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE : 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Essay  on  the  Structure  and  Science  of  Modem  Buildings.  By 
Frederick  Rogers,  Architect.  With  numerous  Illustrations. 
Demy  8vo,  price  15X.,  cloth. 

***  A  volume  of  specifications  of  a  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  bemg  out  of  print,  the  author,  on  the  basis 
of  that  work,  has  produced  the  above.  Some  of  the  specifications  he  has  so  altered 
as  to  bring  in  the  now  universal  use  of  concrete  the  improvements  in  drainage,  the 
use  of  iron,  glass,  asphalte,  and  other  material  He  has  also  inserted  qiedficalioos 
of  worics  that  have  been  erected  in  his  own  practice. 
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Grantham  s  Iron  Ship-Buildings  enlarged. 

ON  IRON  SHIP-BUILDING  ;  with  Practical  Examples  and 
Details.  Fifth  Edition.  Imp.  4to,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  including  the  latest  Examples.  Together 
with  separate  Text,  i2mo,  cloth  limp,  also  considerably  enlaiged, 
By  John  Grantuak,  M.  Inst.  C.E.,  &c.     Price  2/.  2s,  complete. 

Description  of  Plates, 


5. 


I.   Hollow  and  Bar  Keds,  Stem  and 

Stern  Posts.  [Pieees. 

9.    Side  Frames,  Floorinn,  and  Bilge 

3.  Floorings  rtf»?f>(»r</—KeelM>ns,  Deck 

Beams,  Gunwales,  and  Stringers. 

4.  Gunwales  continued —  Lower  Decks, 
and  Orlop  Beams. 

Gunwales  and  Deck  Beam  Iron. 
Angle-Iron.  T   Iron,    Z  Iron,  Bulb 
Iron,  as  Rolled  for  Building. 

6.  Rivets,  shown  in  section,  natural  size ; 

Flush  and  Lapped  ^  Joints,  with 
Single  and  Double  Riveting. 

7.  Plating,  three  plans ;  Bulkhdads  and 

Modes  of  Securine  them. 

8.  Iron  Masts,  with  Longitudinal  and 

Transverse  Sections. 

9.  Sliding  Keel,  Water  Balkst.Moulding 

the  Frames  in  Iron  Ship  Building, 
Levelling  Plates. 

zo.  Longitudinal  Section,  and  Half- 
breadth  Deck  Plan  of  Large  Vessels 
on  a  reduced  Scale. 

IX.    M  idship  Sections  of  Three  Vessels. 

13.  Large  yessel,  showing  Details — Fore 
End  in  Section,  and  End  View, 
with  Stem  Post,  Crutches,  &c. 

13.  Large  yessel^AkOwing'DeXaLxlar—Afler 

End  in  Section,  with  End  ^ew. 
Stem  Frame  for  Screw,  and  Rudder. 

14.  Large  Vessel^  showing  Details— ^iii/- 

slup  Seciion/tiaM  breadth. 

15.  Machine*  for  Punching  and  Shearing 

Plates   and    Angle-Iron,   and   for 
Bending  Plates  ;  Rivet  Hearth. 
Z5A  Beam-Bending   Machine,    Indepen- 
dent Shearing,  Puachingand  Angle- 
Iron  Machine. 


x& 


15^.  Double  Lever  Punching  and  Shearing 
Machine,     arranged     for    cutting 
Aneie  and  T  Iron,  with  Dividing 
Table  and  Engine. 
Afackines. — Garforth's  Riveting;  Ma- 
chine, Drilling  and  Counter-Smking 
Machine. 
z6<i.  Plate  Planing  Machine. 
17.    Air  Furnace  for  Heating  Plates  and 
Angle- Iron  :  Various  lools  used  in 
Riveting  and  Plating. 
z8.    GumvaU ;  Keel  and  Flooring ;  Plan 

for  Sheathing  with  Copper. 
zSo.  Grantham's  Improved  Pun  of  Sheath- 
ing Iron  Ships  with  Copper. 
Illustrations  of  the  Magnetic  Condi- 
tion of  various  Iron  Ships. 
Gray's  Floating  Compass  and  Bin- 
nacle, with  Adjusting  Maenets,  &c. 
Corroded    Iron    Bolt   in    Frame   of 
Wooden  Ship  ;  Jointing  Plates. 
Great  Eastern — Longitudinal  Sec- 
tions and  Half-breadth  Plans — ^Mid- 
ship Section,  with  Details — Section 
in  Engine  Room,  and  Paddle  Boxes. 
Paddle  Steam  Vessel  of  Steel. 
37.    Scarbrougk — Paddle  Vessel  of  Steel. 
a3-9.  Proposed  Passenger  Steamer. 
30.    Persian — Iron  Screw  Steamer. 

Midship   Section   of  H.M.    Steam 

Frigate,  Warrior. 
Midship   Section   of    H.M.    Steam 

Frigate,  Hercules. 
Stem,   Stern,  and  Rudder  of  H.M. 

Steam  Frigate,  Belleropfum. 
Midship  Section  of  H.M.  Troop  Ship, 

Serahis. 
Iron  Floating  Dock. 


19. 


30. 
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"  An  enlarged  edition  of  an  ebborately  illustrated  work." — Builder. 

**  This  edition  of  Mr.  Grantham's  work  has  been  enlarged  and  improved,  both  with 
respect  to  the  text  and  the  engravings  bein^  brought  down  to  the  present  period.  . 
The  practical  operations  required  in  producing  a  shipare  described  and  illustrated  with 
care  and  precision. " — Mechanic}^  Magazine. 


•< 


'  A  thoroughly  practical  work,  and  every  question  of  the  many  in  relation  to  iron 
.•(hipping  which  admit  of  diversity  of  opinion,  or  have  various  and  conflicting  personal 
interests  attached  to  them,  is  treated  with  sober  and  impartial  wisdom  and  good  sense. 
....  As  good  a  volume  for  the  instmction  of  the  pupil  or  student  of  iron  naval 
architecture  as  can  be  fotmd  in  any  language." — Practical  Mechanics*  Journal, 

"  A  very  elaborate  work.  ...  It  forms  a  most  valuable  addition  to  the  history 
of  iron  shipbuilding,  while  its  having  been  prepared  by  one  who  has  made  the  subject 
his  study  for  many  years,  and  whose  qualifications  have  been  repeatedly  recognised, 
will  recommend  it  as  one  of  practical  utility  to  all  interested  in  shipbuilding.*'— u^nnrx 
ondNavjf  Gasette. 
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CARPENTRY,  TIMBER,  &C. 

4 

TredgoUTs  Carpentry^  new^  enlarged^  and  cheaper 
Edition.  • 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY: 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches^ 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c., 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building ;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materiids,  &c.  By  Thomas  Tredgold, 
C.E.  Edited  by  Peter  Barlow,  F.R.S.  Fifth  Edition,  cor- 
rected and  enlarged.  With  64  Plates  (i  i  of  which  now  first  appear 
in  this  edition),  Portrait  of  the  Author,  and  several  Woodcuts.  In 
I  vol.,  4to,  published  at  2/.  2j-k,  reduced  to  i/.  51.,  doth. 

*"  Tredgold's  Carpentry'  ought  to  be  in  every  architecfi  and  every  builder's 
library,  and  those  who  do  not  already  possess  it  ought  to  avail  thcnuelves  of  the  new 
\»»xtJ*'-^BuiUer. 

"A  work  whose  monumental  exceUenpe  must  commend  it  whcie»ei  skilful  car- 
l>entry  is  concerned.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
time,  and,  as  now  presented,  combine  the  surest  base  with  the  most  interesting  display 
of  progressive  science.  The  additional  plates  are  of  great  intrinsic  value.*'— ^ariiMw^ 
Alma. 

"  *Tredgold's  Carpentry'  has  ever  held  a  high  position,  and  the  issue  of  the  fifth 
edition,  in  a  still  more  improved  and  enlar]^ed  form,  will  |pve  satisfaction  to  a  very 
large  number  of  artiRaus  who  desire  to  raise  themselves  m  their  businen,  and  v^ 
seek  to  do  so  by  displaying  a  greater  amount  of  knowledge  and  intelligence  than  thdr 
fellow-workmen.  It  is  as  complete  a  work  as  need  be  desired.  To  the  superior 
workman  the  volume  will  prove  invaluable ;  it  contains  treatises  written  in  laAguage 
which  he  will  readily  comprehend.**— AfiWiM^  youmal, 

Grandys  Timber  Tables. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS, 
and  BUILDER'S  STANDARD  GUIDK  By  Richard  E. 
Grandy.  Comprising  : — An  Analysis  of  Deal  Standards,  Home 
and  Foreign,  with  comparative  Values  and  Tabular  Arrangements 
for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 
including  all  intermediate  Expenses,  Freight,  Insurance,  Duty,  &c., 
&C.  ;  together  with  Copious  Information  for  the  Retailer  and 
^ttilder.     i2mo,  price  7j.  6d,  cloth. 


•( ' 


Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a 
treenail,  and  throws  in,  as  a  makewelsbt,  a  host  of  material  concerning  bricks,  columns, 
cisterns,  &c. — all  that  the  class  to  whom  it  appeals  requires.** — Ewluk  M*c/umu. 


The  only  difficulty  we  have  is  as  to  what  is  not  in  its  pages.  Wnat  we  have  tested 
of  the  contents,taken  at  random,  is  invariably  correct.*' — lUtutraUd  BuiUdf^tytitmal, 

Tables  for  Packing-Case  Makers. 

PACKING-CASE  TABLES  ;  showmg  the  number  of  Superficial 

Feet  in  Boxes  or  Packing-Cases,   from  six  inches  square   and 

upwards.      Compiled  by  William  Richardson,  Accountant 

Oblong  4to,  cloth,  price  3^.  td. 

"Win  save  much  labour  and  calculation  to  packing<case  makcn  and  thoce  who 
packing-cases.*'— c;rvc^.  "  Invaluable  labour-saving  tables."— /fVfvjMMvvr. 
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Nicholsofis  Carpenters  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Fomided  on  the 
late  Peter  Nicholson's  standard  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  George  Pyne.    With  74  Plates,  4to,  i/.  u,  doth. 

Dowsing s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PANION ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  and  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given 
Price  per  Load  of  50  Feet ;  the  proportionate  Value  of  D^s  and 
Battens  by  the  Standard,  to  Square  Timber  by  the  Load  of  50  Feet ; 
the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per  Lineal 
Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot.  Also  a 
variety  of  other  valuable  information.  By  William  Dowsing, 
Timber  Merchant.     Second  Edition.     Crown  8vo,  jj.  cloth. 

*'  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.    There  can  be  no 
4oubt  that  every  timber  merchant  and  builder  ought  to  possess  ii/'—Ntdl  Advertiur. 

Timber  Freight  Book, 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS' 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  all  Dealers  in  Wood  whatsoever.  By  William 
Richardson,  Timber  Broker,  author  of  **  Paclung  Case  Tables," 
&c.     Crown  8vo,  cloth,  price  6x. 


MECHANICS,  &c. 


Mechanus  Workshop  Companion, 

THE  OPERATIVE  MECHANICS  WORKSHOP  COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT  ;  comprising  a  great  variety  of  fhe  most 
useful  Rules  in  Mechanical  Science ;  with  numerous  Tables  of  Prac- 
tical Data  and  Calculated  Results.  By  W.  Templ^ton,  Author 
of  ''The  Engineer's,  Millwright's,  and  Machinist's  Practical  As- 
sistant." Eleventh  Edition,  with  Mechanical  Tables  for  Operative 
Smiths,  Millwrights,  Engineers,  &c. ;  together  with  several  Useful 
and  Practical  Rules  in  Hydraulics  and  Hydrodynamics,  a  variety 
of  Experimental  Results,  and  an  Extensive  Table  of  Powers  and 
Roots.     II  Plates.    i2mo,  5j.  bound.  \Recently publisJud. 

"  As  a  text-book  of  reference,  in  which  mechanical  and  commercial  demands  are 
judiciously  met,  Tbmplkton'sCompaniom  stands  unrivalled.  ** — MtckoMk^Magaavu. 

"  Admirably  adapted  to  the  wants  of  a  very  lai]^e  class.  It  has  met  with  great 
success  in  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work." — BuiUmg  New*, 
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Engineers  Assistant, 

THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Usdol 
Tables,  Rules,  and  Data.  Compiled  and  Arranged,  with  Original 
Matter,  by  W.  Templeton.     5tn  Edition.    i8mo,  TJ.dd.  cIot£ 

"  So  much  varied  information  compressed  into  so  small  a  qxice,  and  puUidied  at  a 
price  which  places  it  within  the  reach  of  the  htunblest  mechanic,  cannot  fail  to  com- 
mand the  sale  which  it  deserves.  With  the  utmost  confklence  we  commend  this  book 
to  the  attention  of  our  readers."— JI/>eAa»<!cf'  Magazim, 

*'  Every  mechanic  should  become  the  possessor  of  the  volume,  and  a  more  suitable 
present  to  fui  apprentice  to  any  of  the  medianical  trades  could  not  possibly  be  made.* 
—Building  Aruft, 

Designings  Measuring^  and  Valuing. 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEA- 
SURING, and  VALUING  ARTIFICERS'  WORKS ;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c.  With  43  Plates  and  Wood- 
cuts. Originally  edited  by  Edward  Dobson,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  several  useful  Tables  for  facilitating  Calculations  and 
Measurements.  By  E.  Wyndham  Tarn,  M.A.,  Architect  Svo, 
I  or.  td,  cloth.  \RecenUy  publiskaU 

*'  This  useful  book  sho\|ld  be  in  every  architect's  and  builder's  oflSce.  It  contains 
a  vast  amount  of  information  absolutely  nece&sary  to  be  known.** — The  Irish  Builder, 

"  The  book  is  well  worthy  the  attention  of  the  student  in  architecture  and  surveying, 
as  by  the  careful  study  of  it  his  progress  in  his  profession  will  be  much  facilitated.**— 
Mining  Journal. 

'*  We  have  failed  to  discover  anything  connected  with  the  building  trade,  from  ex- 
cavating foundations  to  bell-hangmg,  uat  is  not  fully  treated  upon  in  this  valuable 
work." — The  Artizan. 

"  Mr.  Tarn  has  well  performed  the  task  imposed  upon  him,  and  has  made  many 
further  and  valuable  additions,  embodying  a  large  amount  of  information  relating  to 
the  technicalities  and  modes  of  construction  employed  in  the  several  branches  of  the 

building  trade. From  the  extent  of  the  information  which  the  volume 

embodies,  and  the  care  taken  to  secure  accuracy  in  every  detail,  it  cannot  fail  to  prove 
of  the  highest  value  to  students,  whether  training  in  the  oflicea  of  provincial  surveyors, 
or  in  those  of  London  practitioners." — Colliery  Guardian, 

"  Altogether  the  book  is  one  which  well  fulfils  the  promise  of  its  tide-paM,  and  we 
can  thoroughly  recommend  it  to  the  class  for  whose  use  it  has  been  compiled.  Mr. 
Tarn's  additions  and  revisions  have  much  increased  the  usefulness  of  the  work,  and 
have  especially  augmented  its  value  to  students.  Finally,  it  is  only  just  to  die  pub- 
lishers to  add  that  the  book  has  been  got  up  in  excellent  style,  the  typography  betns 
bold  and  clear,  and  the  plates  very  well  executed." — Engineering. 


Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  i  to  200  inches  in  length, 
^  I  to  108  inches  in  breadth.  For  the  use  of  Architects,  Sorveyois, 
Siigineers,  Timber  Merchants,  Builders,  &c.  By  James  Haw- 
kings.     Fcp.  3/.  6d.  cloth. 
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MATHEMATICS,  &c. 

i 

Gregory's  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  1. 
Pure  Mathematics— comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  Mixed  Mathematics — comprising  Mechanics  in  general. 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials.  With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.  By  Olinthus  Gregory, 
LL.D.,  F.R. A.S.  Enhirged  by  Henry  Law,  C.E.  4tii  Edition, 
carefully  revised  and  corrected  by  J.  R.  Young,  formerly  Profes- 
sor of  Mathematics,  Belfeist  College ;  Author  of  ''  A  Course  of 
Mathematics,"  &c.    With  13  Plates.     Medium  8vo,  iL  is.  doth. 

"  As  a  standard  work  on  mathematics  it  has  not  been  excelled.  "—^r/AsoM. 

"  The  engineer  or  architect  will  here  find  ready  to  his  hand,  rules  for  solving  nearly 
every  mathematical  difficulty  that  may  arise  in  his  practice.  As  a  moderate  acquaint- 
ance with  arithmetic,  algebra,  and  elementary  geometr^r  is  absolutely  necessary  to  the 
proper  understanding  of  the  most  useful  portions  of  this  book,  the  author  very  wisely 
nas  devoted  the  first  three  chapters  to  those  subjects,  so  that  the  most  ignorant  may  be 
enabled  to  master  the  whole  of  the  book,  without  aid  from  any  other.  The  rules  are  in 
all  cases  explained  by  means  of  examples,  in  which  every  step  of  the  process  is  deariy 
woiked  out" — Builder. 

"  One  of  the  most  serviceable  books  to  the  practical  medianics  of  the  country.  . 
The  edition  of  1847  was  fortunately  entrusted  to  the  able  hands  of  Mr.  Law,  who 
revised  it  thoroughly,  re-wrote  many  chapters,  and  added  several  sections  to  those 
which  1^4  been  rendered  imperfect  by  advanced  knowledge.  On  examining  the  various 
and  many  improvements  which  he  introduced  into  the  work,  they  seem  sQmoat  like  a 
new  structure  on  an  old  plan,  or  rather  like  the  restoration  of  an  old  ruin,  not  only  to 
its  former  substance,  but  to  an  extent  which  meets  the  laiger  requirements  of  mooem 
times.  ....  In  the  edition  just  brought  out,  the  work  has  again  been  revised  by 
Professor  Young.  He  has  modernised  the  notation  throughout,  introduced  a  few 
paraicraphs  here  and  there,  and  corrected  the  numerous  typographical  erron  whidi 
nave  escaped  the  eyes  of  the  former  Editor.    The  book  is  now  as  complete  as  it  is 

possible  to  make  it We  have  carried  our  notice  of  this  book  to  a  greater 

length  than  the  space  allowed  us  justified,  but  the  experiments  it  contains  are  so 
interestin[^,  and  the  method  of  describing  them  so  clear,  that  we  may  be  excused  for 
overstepping  our  limit  It  is  an  instructive  book  for  the  student,  and  a  Text- 
book for  him  who  having  once  mastered  the  subjects  it  treats  of,  needs  occasionally  to 
refiresh  his  memory  upon  them." — Building^  News. 

The  Metric  System. 

A    SERIES    OF   METRIC    TABLES,   in  which  the  British 

Standard  Measures  and  Weights  are  compared  with  those  of  the 

Metric  System  at  present  in  use  on  the  Continent     By  C.  H. 

D0WLIN6,  C.  £.     Second  Edition,  revised  and  enlarged.     8vo, 

iQr.  ()d.  strongly  bound. 

"  Mr.  DowUng's  Tables,  which  are  well  put  together,  come  just  in  time  as  a  ready 
redooner  for  the  conversion  of  one  S3rstem  into  the  o\!bia.**-^Athttutuitu 

"  Their  accuiacy  has  been  certified  by  Professor  Airy,  the  Astrooomer-Royal.'*-* 
BuUder, 

"  Resolution  8.— That  advantage  will  be  derived  from  the  recent  publication  of 
Metric  Tables,  byC  H.  Dow\vag,C.Z."''Be/ori^SecticHF,  BrtHth  AssociatUn, 
Bath. 
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InwoocCs  Tables^  greatly  enlarged  and  improved^ 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold;  Annuities,  Advowsons,.&c.,  and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  CoU^es,  ar 
other  corporate  bodies ;  for  Terms  of  Years  certain,  and  for  Lives  ; 
also  for  Valuing  Reversionary  Estates,  Deferred  Annuities,  Next 
Presentations,  &c.,  together  with  Smart's  Five  Tables  of  Compound 
Interest,  and  an  Extension  of  the  same  to  Lower  and  Intennediate 
Rates.  By  William  Inwood,  Architect  The  i8th  edition,  with 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Money,  Dis- 
count, Annuities,  &c.,  by  M.  F^dor  Thoman,  of  the  Sod^td 
Credit  Mobilier  of  Paris.     l2mo,  &r.  doth. 

\*  This  edition  [the  iSM)  differs  in  many  important  particulars 
from  former  ones.  The  changes  consist^  first,  in  a  m4fre  convenient 
and  systematic  arrangement  cf  the  original  Tables^  and  in  the  removal 
of  certain  numerical  errors  which  a  very  careful  revision  of  the  whole 
has  enabled  the  present  editor  to  discover;  and  secondly,  in  the 
extension  of  practical  utility  conferred  on  the  work  by  the  introduction 
of  Tables  now  inserted  for  the  first  time.  This  new  and  important 
matter  is  all  so  much  actually  added  to  Inwood's  Tables  ;  nothing 
has  been  abstracted  from  the  original  collection:  so  that  those  who  have 
been  long  in  thehdit  of  consulting  Inwood  for  any  special  prof  a- 
sional purpose  will,  as  heretofore,  find  the  information  sought  still  in 
Us  pages, 

'*  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of 
compensitioa  cases,  as  well  as  in  transactions  in  annuities,  life  losuranors,  ftc,  will 
iind  the  present  edition  of  eminent  wcsyvot.*'-^~Engitu€ring. 

Geometry  for  the  Architect,  Engineer,  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic ;  givii^  Rules  for  the  Delineation  and  Application  of 
various  Geometrical  Lines,  Figures  and  Curves.  By  £.  W.  Ta&N, 
M.A.,  Architect,  Author  of  ''  The  Science  of  Building,"  &c. 
With  164  Illustrations.     Demy  8vo.     I2x.  ^. 

**  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the 
clearness  of  the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satis- 
factory. *' — Scotsman. 

Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES  ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  With  an  elaborate  Intro- 
duction.  By  F^dor  Thoman,  of  the  Society  Cr^t  Mobilier, 
Paris.     i2mo,  cloth,  5^. 

"  A  very  powerful  work,  and  the  Author  has  a  very  remarkable  command  of  his 
vvA^^l."— 'Professor  A.  ete  Morgan. 

**  We  recommend  it  to  the  notice  of  actuaries  and  »ccountants.'''—Athr$untm» 
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SCIENCE  AND  ART. 

-   ■    ♦ ' 

The  Military  Sciences. 

AIDE-MfiMOIRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Ro^  Engineers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions ;  containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.  3  vols,  royal  8vo,  extra 
doth  boairds,  and  lettered,  price  4/.  \os, 

"A  compendious  cncycIopaBdia  of  military  knowledge,  to  which  we  are  greatly  \sir 
^^AjtA,'*— Edinburgh  Review. 

"  The  most  comprdiensive  work  of  reference  to  the  military  and  collateral  sciences. 
Among  the  list  of  contributors,  some  seventy-seven  in  number,  will  be  found  nam^  of 
the  highest  distinction  in  the  yernzt&J*— Volunteer  Service  Gatette, 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY,  MINING,  and  RECON- 
NOITRING.  By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  doth,  with  separate  Atlas  of  12  Plates,  price  izr.  complete. 

Naval  Science.     Edited  by  E.  J.  Reed,  C.B. 

NAVAL  SCIENCE  :  a  Quarterly  Magazine  for  Promoting  the 
Improvement  of  Naval  Architecture,  Marine  Engineering,  Steam 
Navigation,  and  Seamanship.  Edited  by  £.  J.  Reed,  C.K,  late 
Chief  Constructor  of  the  Navy.  Copiously  illustrated.  Price  2J.  6d. 
No.  7,  October,  1873,  now  ready.  (Vol.  I.,  containing  Nos.  I  to  3, 
may  also  be  had,  cloth  boards,  price  lOr.  (xi.) 

%*  Th€  CotUributors  include  the  most  Eminent  Authorities  in  the  several 

branches  of  the  above  subjects. 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE-WARES:  their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Dry  Salters,  Brokers,  &c.  By  J. 
W.  Slater.     Post  8vo,  cloth,  price  7j.  dd. 

"A  complete  encyclopaedia  of  the  materia  tinctoria.  The  information  given 
respecting  each  article  is  full  and  precise,  and  the  methods  of  determinmg  the  value 
of  articles  such  as  these,  so  liable  to  sopnistication,  are  given  with  clearness,  and  are 
practical  as  well  as  valuable.  "~CA/i9»>/  and  Druggist. 

Electricity. 

A  MANUAL  of  ELECTRICITY ;  including  Galvanism,  Mag- 

netism,  Diamagnetism,  Electro-Dynamics,  Magno-Electricity,  and 

the  Electric  Telegraph.    By  Henry  M.  Noad,  Ph.D.,  F.C.S., 

Lecturer  on  Chemist^  at  St.  George's  Hospital     Fourth  Edition, 

entirely  rewritten.    Illustrated  by  500  Woodcuts.   8vo,  i/.  ^.  cloth. 

"The  commendations  already  bestowed  in  the  pages  of  the  Lancet  on  the  former 
editions  of  this  work  are  more  than  ever  merited  by  the  present.  The  accounts  given 
of  dectricity  and  galvanism  are  not  only  complete  m  a  scientific  sense,  but,  which  is  a 
nrer  thing,  are  popular  and  interesting."— ii^anrr/. 


24         WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 

Text-Book  of  Electricity. 

THE  STUDENTS  TEXT-BOOK  OF  ELECTRICITY:  in- 
cluding Magnetism,  Voltaic  Electricity,  Electro- Magnetism,  Dia- 
magnetism,  Magneto-Electricity,  Thermo-Electricity,  and  Electric 
Telegraphy.  Being  a  Condensed  Resume  of  the  Theory  and  Ap- 
plication of  Electrical  Science,  including  its  latest  Practical  Deve- 
lopments, particularly  as  relating  to  Aerial  and  Submarine  Tele- 
gixiphy.  By  Henry  M.  Noad,  Ph.D.,  Lecturer  on  Chemistry  at 
St.  George's  Hospital.     Post  8vo,  400  Illustrations,  I2j.  dd,  doth. 

*'  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  sukject,  a  good 
index,  and  a  plethora  of  woodcuts." — Athetutum, 

"  A  most  elaborate  compilation  of  the  facts  of  electricity  and  magnetism,  and  of  the 
theories  which  have  been  advanced  concerning  them." — Popular  Science  Reviesu, 

**  Gear,  compendious,  compact,  well  illustrated,  and  well  printed.** — Lancet. 
'**We  can  strongly  recommend  the  work,  as  an  admirable  text-book,  to  every  student 
—beginner  or  advanced— of  electricity." — Engineering. 

**  Nothing  of  value  has  been  passed  over,  and  nothing  given  but  what  will  lead  to  a 
correct,  and  even  an  exact,  knowledge  of  the  present  state  of  electrical  science."— > 
Mechanic/  Magazine. 

"  We  know  of  no  book  on  electricity  containing  so  much  information  on  experi- 
mental facts  as  this  does,  for  the  size  of  it,  and  no  book  of  any  sixe  that  contains  90 
complete  a  range  of  idLCXs.**— English  Mechanic. 

« 

Rudimentary  Magnetism. 

RUDIMENTARY  MAGNETISM :  being  a  concise  exposition 
of  the  general  principles  of  Magnetical  Science,  and  the  puiposes 
to  which  it  has  been  applied.  By  Sir  W.  Snow  Harris,  F.R-S. 
New  and  enlarged  Edition,  with  considerable  additions  by  Dr. 
Noad,  Ph.D.     With  165  Woodcuts.     i2mo,  cloth,  4^.  6</. 

"There  is  a  good  index,  and  this  volume  of  412  pages  may  be  considered  the  best 
possible  manual  on  the  subject  of  magnetism." — Mechanic^  Magazine. 

"  As  concise  and  lucid  an  exposition  of  the  phenomena  of  magnetism  as  we  believe 
it  is  possible  to  write." — English  Mec/ianic. 

"  Not  only  will  the  scientific  student  find  this  volume  an  invaluable  book  of  refer- 
ence, but  the  general  reader  will  find  in  it  as  much  to  interest  as  to  inform  his  mind. 
Though  a  stnctly  scientific  work,  its  subject  is  handled  in  a  simple  and  readable 
style.  ' — Illustrated  Review. 


Chemical  Analysis. 


THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures^ 
in  Trades,  and  in  the  Arts.  By  A.  Normandy,  Author  of  **  Prac- 
tical Introduction  to  Rose's  Chemistry,''  and  Editor  of  Rose's 
"Treatise  of  Chemical  Analysis."  Illustrated  with  Woodcuts. 
(A  new  Edition  of  this  work^  revised  by  Dr,  Noad,  is  in  preparation.) 

"We  recommend  this  book  to  the  careful  perusal  of  every  one ;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  stronglv  recommend  it  to  our  rodezs  as  a 
gulde^  alike  indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner.**— 
Medual  Times. 

**  The  very  best  work  on  the  subject  the  English  press  has  yet  produced.*''— Jf#- 
chanic/  Magazine, 
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Science  and  Art. 

THE  YEAR-BOOK  of  FACTS  in  SCIENCE  and  ART ;  ex- 
hibiting  the  most  important  Improvements  and  Discoveries  of  the 
Past  Year  in  Mechanics  and  the  Useful  Arts,  Natural  Philosophy, 
Electricity,  Chemistry,  Zoology  and  Botany,  Geology  and  Mine- 
ralogy, Meteorolo^  and  Astronomy.  By  John  Timbs,  F.S.A., 
Author  of  "Curiosities  of  Science,"  "Things  not  Generally 
Known,"  &c.     With  Steel  Portrait  and  Vignette.     Fcap.  5/.  doth. 

\*  Hiis  worky  ptiblished  annucdfyy  records  the  proceedings  of  the 
principal  scientific  societies^  and  is  indispensable  to  all  who  wish  to 
possess  a  faithful  record  of  the  latest  novelties  in  science  and  the  arts. 

The  back  Volumes,  from  1861  to  1873,  each  containing  a  Steel 
Portrait,  and  an  extra  Volume  for  1862,  with  Photograph,  may  still 
be  had,  price  51.  each. 

"  Persons  who  wish  for  a  concise  annual  summary  of  important  scientific  events  will 
find  their  desire  in  the  '  Year  Book  of  Facts.'  "—Atketutum. 

^  "  The  standard  work  of  its  class^  Mr.  Timbs's  '  Year  Book '  is  always  full  of  sngges- 
tave  and  interesting  matter,  and  is  an  excdlent  risumi  of  the  year's  progress  in  the 
sciences  and  the  vtxs^—^uHder. 

"  A  correct  exponent  of  scientific  progress  ....  a  record  of  abiding  interest  If 
anyone  wishes  to  know  what  progress  saence  has  made,  or  what  has  been  done  in  any 
branch  of  art  during  the  past  year,  he  has  only  to  turn  to  Mr.  Tlmbs's  pages,  and 
is  sure  to  obtain  the  required  inrormation." — Mtckanid  Magasuu, 

**  There  is  not  a  more  useful  or  more  interestingcompilation  than  the  '  Year  Book  of 
Facts.'  .  .  .  The  discrimination  with  which  Mr.  Timbs  selects  his  facts,  and  the  admi- 
rable manner  in  which  he  condenses  into  a  comparatively  short  space  all  the  salient 
features  of  the  matten  which  he  places  on  record,  are  deserving  of  great  praise."— 
Railway  Ntws,  » 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT ;  being  a  Series  of  Essays  on—i. 
Allied  Discrepancies;  2.  The  Theory  of  the  Geolo^ts  and 
Figure  of  the  Earth ;  3.  The  Mosaic  Cosmogony ;  4.  Miracles  in 
general— Views  of  Hume  and  Powell ;  5.  The  Miracle  of  Joshua — 
Views  of  Dr.  Colenso :  The  Supematurally  Impossible ;  6.  The 
Age  of  the  Fixed  Stars— their  Distances  and  Masses.  By  Professor 
J.  R.  YoVng,  Author  of  "A  Course  of  Elementary  Mathematics," 
&c.  &c     Fcap.  8vo,  price  5j.  cloth  lettered. 

"  Professor  Young's  examination  of  the  early  verses  of  Genesis,  in  connectton  with 
modem  scientific  hypotheses,  is  excellent"— ^av/atA  CAareAman, 

**  Distinguished  by  the  true  spirit  of  scientific  inquiry,  by  great  knowledge,  by  keen 
logical  abiEty,  and  by  a  style  peculiarly  clear,  easy,  and  enexgetic"— A^Muvw/^rwrw/. 

*'  No  one  can  rise  from  its  pcxusal  without  being  impressed  with  a  sense  of  the  sin- 
gular weakness  of  modem  sceptidsm."'— ^^/w/  Mi^aaitu, 

**  A  valiaUe  contribution  to  controvernal  theological  litenture."— CmSi*  Prtu. 

Practical  Philosophy. 

A  SYNOPSIS  of  PRACTICAL  PHILOSOPHY.  By  the  Rev. 
John  Carr,  M.  A.,  late  Fellow  of  Trin.  ColL,  Cambridge.  Second 
Edition.     i8mo,  %s,  cloth. 
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Dr.  Lardners  M^u^unt  of  Science  and  ArL 

THE  MUSEUM  OF  SCIEWCB  AKD  ART.  Edited  by 
DiONYSius  Lardn£R,D.C.L.,  formerly  Professot  of  Kacural  Phi- 
losophy and  Astronomy  in  University  College,  London.  Contents  : 
The  Planets ;  are  they  inhabited  Worlds  ? — Weather  Prognostics — 
Popular  Fallacies  in  Questions  of  Physical  Science — Latitudes  and 
Longitudes — Lunar  Influences — Meteoric  Stones  and  Shooting 
Stars  —  Railway  Accidents  —  Light — Common  Things : — ^Air — 
Locomotion  in  me  United  States — Cometary  Influences — Common 
Things:  Wdter— The  Potter's  Art— Common  Things:  Fire— 
Locomotion  and  Transport,  their  Influence  and  Progress — ^The 
Moon— Common  Things  :  The  Earth— The  Electric  Tdcgraph— 
Terrestrial  Heat — The  Sun — Earthquakes  and  Volcanoes — Baro- 
meter, Safety  Lamp,  and  Whitworth's  Micrometric  Apparatus — 
Steam— The  Steam  Engine— The  Eye— The  Atmosphere— Time 
— Common  Things  :  Pumps — Common  Things  :  SMCtades,  the 
Kaleidoscope— Clocks  and  Watches — Microscopic  Drawing  and 
Engraving — Locomotive — lliermometer — New  Planets  :  Levcr- 
rier  and  Adams's  Planet— Ma|:nitude  and  Minuteness — Common 
Things  :  The  Almanack— Optical  Images — How  to  observe  [the 
Heavens — Conunon  Things  :  the  Looking-glass — Stellar  Universe 
— The  Tides  —  Colour  —  Common  Things  :  Man  —  Magnifyxng 
Classes — Instinct  and  Intelligence — ^The  Solar  Microscope — The 
Camera  Lucida — The  Magic  Lantern — The  Camera  Obscura — 
The  Microscope — The  W^ite  Ants  :  their  Manners  and  Habits — 
The  Surface  of  the  Earth,  or  First  Notions  of  Geography— Science 
and  Poetry — The  Bee  —  Steam  Navigation  —  Electro-Motive 
Power— Thunder,  Lightning,  and  the  Aurora  Boreahs — The 
Printing  Press — The  Crust  of  the  Earth — Comets — ^Thc  Steno- 
scope — The  Pre-Adamite  Earth — Eclipses— Sound.  WiA  up- 
wards of  1 200  Engravings  on  Wood.  In  6  Double  Volumes, 
handsomely  bound  in  cloth,  gilt,  red  edges,  price  £\  is, 

**  The  '  Museum  of  Science  and  Ait|  is  the  most  valuable  contribution  that  has 
«ver  been  made  to  the  Scientific  Instruction  of  every  class  of  society.** — Str  Da»id 
Brrwster  in  the  Nprth  Brititk  Rtvirm. 

"  Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  ot 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  beUef  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present."— ^xaMviiwr. 

**  Separate  books  formed  from  the  above ^  suitable  for  Workmen^ s 

Libraries^  Science  Classes,  6f*c, 

Common  Things  Explained.    With  233  Illustrations,  5f.  do6i. 
TheElectricTelegraphPopula&ized.  100  Illustrations,  i/.6dlclotli. 
The  Micboscope.    With  147  Illustrations,  2s,  cloth. 
Popular  Geology.    With  201  Illustrations,  2s.  6d,  cloth. 
Popular  Physics.    With  85  Illustrations,    zs.  td.  cloth. 
Popular  Astronomy.    With  182  Illustrations,  41.  6d,  doth. 
Steam  and  its  Uses.    With  89  Illustrations,  21.  doth. 
The  Bee  and  White  Ants.     With  135  Illustrations,  dotfa. 
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DR.   LARDNER'S    SCIENTIFIC    HANDBOOKS. 
Astronomy, 

THE  HANDBOOK  OF  ASTRONOMY.  By  Dionysius 
Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  Third  Edition.  Re- 
vised and  Edited  by  Edwin  Dunken,  F.R.A.S.,  Superintendent 
of  the  Altazimuth  Department,  Royal  Observatory,  Greenwich. 
With  37  plates  and  upwards  of  100  Woodcuts.  In  i  vol.,  small 
8vo,  doth,  550  pages,  price  yj.  6d. 
"  We  can  cordially  recommend  it  to  all  those  who  desire  to  possess  a  complete 
manual  of  the  science  and  practice  of  astronomy." — Astronomic€U  Reforter. 

Optics. 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.A.  Lond.,  of  University  College,  London. 
With  298  Illustrations.     Small  8vo,  cloth,  448  pages,  price  5s. 

Electricity. 

THE  HANDBOOK  of  ELECTRICITY,  MAGNETISM,  and 

ACOUSTICS.     New  Edition.     Edited  by  Geo.  Carey  Foster, 

B.  A.,  F.C.S.    With  400  Illustrations.     Small  8vo,  cloth,  price  $5. 

"  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 

the  terse  and  lucid  style  of  Lardner,  while  correcting  his  errors  and  brining  up  his 

work  to  the  present  state  of  scientific  knowledge." — Popular  Science  Revirw. 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS.  \ReprinHng. 

Hydrostatics. 

THE  HANDBOOK  of  HYDROSTATICS  and  PNEUMA- 
TICS. New  Edition.  Revised,  and  Enlarged  by  Benjamin 
LOEWY,  F.R.A.S.     With  numerous  Illustrations.       \IntJu  press. 

Heat. 

THE  HANDBOOK  OF  HEAT.  New  Edition,  Re-written  and 
Enlarged.     By  Benjamin  LoEWY,  F.R.  A. S.  ^Preparing, 

Animal  Physics. 

THE  HANDBOOK  OF  ANIMAL  PHYSICS.  With  520 
Illustrations.     New  edition,  small  8vo,  cloth,  yj.  (yd.  732  pages. 

\Just  published. 

Electric  Telegraph. 

THE   ELECTRIC  TELEGRAPH.      New  Edition.      Revised 

and  Re-written  by  E.  B.  Bright,  F.R.A.S.     140  Illustrations. 

Small  8vo,  3^.  dd.  cloth. 
"  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph."— J?iv.  Mechanic. 

NATURAL  PHILOs6piIY~FbR  SCHOOLS.    By  Dr.  Lardner 
328  Illustrations.     Fifth  Edition.     I  vol.  3^.  6d.  doth. 
*'A  very  convenient  class-book  for  junior  students  in  private  schools.     It  is  in- 
tended to  convey,  in  clear  and  precise  terms,  general  notions  of  all  the  principal 
divisions  of  Physical  Science." — British  Quarterly  Revirw. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.     By  Dr.  Lardner. 
With  190  Illustrations.     Second  Edition.     I  vol.  31.  6d.  cloth. 
"Clearly  written, well  arranged, and  excellently  '\\\tMXxdXt.d.**—^ardenef^iChronicU, 
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Geology  and  Genesis  Harmonised. 

THE  TWIN  RECORDS  of  CREATION;  or,  Geology  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  Concord.  By 
George  W.  Victor  Le  Vaux.  With  numerous  Illustrations. 
Fcap.  8vo,  price  5x.  cloth. 

'*  We  can  recommend  Mr.  Le  Vaux  as  an  able  and  interesting  guide  to  a  popular 
appreciAtioB  of  geological  science."* — Spectator. 

"The  author  coiomnes  an  unboimded  admiration  of  sdence  with  an  unbounded 
admhation  of  the  Written  Record.  The  two  impulses  are  balanced  to  a  nicety :  and 
the  consequence  is,  that  difficulties,  which  to  minds  less  evenly  poised,  would  be 
serious,  find  immediate  solutions  of  the  happiest  kinds." — London  Review.  • 

"Vigorously  written,  reverent  in  spirit,  stored  with  instructive  geological  facts,  and 
designed  to  show  that  there  is  no  discrepancy  or  inconsistency  between  the  Word  and 
the  works  of  the  Creator.  The  future  of  Nature,  in  connexion  with  the  glorious  destiny 
of  man,  is  vividly  conceived." — Watchman. 

**  No  real  difficulty  is  shirked,  and  no  sophistry  is  left  unexposed." — The  Rock» 

Geology,  Physical. 

PHYSICAL  GEOLOGY.  (ParUy  based  on  Major-Gcnend 
Portlock's  Rudiments  of  Geology.)  By  Ralph  Tate,  A.L.S., 
F.G.S.     Numerous  Woodcuts.     i2mo,  2s.  [Reeufy. 

Geology^  Historical. 

HISTORICAL  GEOLOGY.  (Partly  based  on  Major-Gencral 
Portlock's  Rudiments  of  Geology.)  By  Ralph  Tate,  A.L.S., 
F.G.S.     Numerous  Woodcuts,     iimo^  2s,  6d,  iReady, 

%•  Or  Physical  and  Historical  Geology,  ^ouitd  in  One 
Volume,  price  ^s. 

Wood'  Carving. 

,  INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A  Lady.  In  emblematic  wrapper,  hand- 
somely printed,  with  Ten  large  Plates,  price  2J.  6d, 

**  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt 
from  '  A  Lady's  *  publication." — Atheiueum, 

**  A  xta\  practical  guide.    It  is  very  complete."— Z//rfa»7  Churchman. 

"  The  directions  given  are  plain  and  easily  understood,  and  it  forms  a  very  good 
introduction  to  the  practical  part  of  the  carver's  art." — English  Mechanic. 

Popular  Work  on  Painting. 

PAINTING  POPULARLY  EXPLAINED;  with  Historical 
Sketches  of  the  Progress  of  the  Art.  By  Thomas  John  Gullick, 
Painter,  and  John  Timbs,  F.S.A.  Second  Edition,  revised  and 
enlarged.    With  Frontispiece  and  Vignette.    In  small  8vo,  6f.  cloth. 

*,*  This  Work  hcts  been  adopted  as  a  Prize-book  in  the  Schools  oj 
Art  at  South  Kensington, 


«< 


A  work  that  may  be  advantageously  consulted.  Much  may  be  learned,  even  by 
those  who  fancy  they  do  not  requue  to  be  taught,  from  the  careful  perusal  of  this 
unpretending  but  comprehensive  xxtSLttstt.^'— Art  Journal. 

A  valuable  book,  which  supplies  a  want.  It  contains  a  large  amount  of  ori^nal 
matter,  agreeably  conveyed,  and  will  be  found  of  value,  as  welT  by  the  3roung  artist 
seeking  information  as  by  the  general  reader.  We  give  a  cordial  welcome  to  the  book, 
and  augur  for  it  an  increasing  reputation.** — Builder. 

"Tms  volume  is  one  that  we  can  heartily  recommend  to  all  who  are  desanoos  of 
understanding  what  they  admire  in  a  good  painting." — Doiljf  AVwr. 
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Delamottis  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION ;  for  the 
use  of  Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela.- 
MOTTE.     Small  4to,  price  9J.    Elegantly  bound,  cloth  antique. 

"  A  handy  book,  beautifully  Ulostrated ;  the  text  of  which  is  wdl  written,  and  cal- 
culated to  l>e  useful  .  .  .  The  examples  of  ancient  MSS.  recommended  to  the  student, 
which,  with  much  good  sense,  the  author  chooses  from  collections  accessible  to  all,  are 
selected  with  judgment  and  knowledge,  as  well  as  taste." — Atketuntm, 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIAEVAL ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  large  and  small,  German,  Italian,  Arabesque,  Initials 
for  Illumination,  Monograms,  Crosses,  &c.  &&,  for  the  use  of 
Architectural  and  Engineering  Draughtsmen,  Missal  Painters, 
Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  &c.  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.     Royal  8vo,  oblong,  price  4J.  doth. 

"A  wdl-lenown  engraver  and  draiightsman  has  enrolled  in  this  useful  book  die 
result  of  many  yeaus'  study  and  researcn.  For  those  who  insert  enamelled  sentences 
round  gilded  chalices,  who  blazon  shop  Iq[ends  over  shop-doors,  who  letter  church 
walls  with  pithy  sentences  from  the  Deodogue,  this  book  will  be  useful '*—v4M4w«m»v. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MEINTAL;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque;  with  several  Original 
Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alpha- 
bets, large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c.  Collected  and  engraved  by  F.  Delamotte,  ^nd 
printed  in  Colours.     Royal  8vo,  oblong,  price  4r.  cloth. 

"  To  artists  of  all  classes,  but  more  especially  to  architects  and  engravers,  this  very 
handsome  book  will  be  invaluable.  There  is  comprised  in  it  every  possible  shape  into 
which  the  letters  of  the  alphabet  and  numerals  can  be  formed,  amd  the  talent  which 
has  been  expended  in  the  conception  of  the  various  plain  and  ornamental  Ictten  is 
wQoderfuL  **-—StaHdard, 

MEDIAEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS.  By  F.  Delamotte,  Illuminator,  Designer,  and 
Engraver  on  Wood.     Containing  21  Plates,  and  Illuminated  Title, 

Erinted  in  Gold  and  Colours.     With  an  Introduction  by  J.  Willis 
IROOK&     Small  4to,  dr.  cloth  gilt. 

"  A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and 
all  the  colours  of  the  prism  interwoven  and  intertwined  and  intermingled,  sometimes 
with  a  sort  of  rainbow  arabesque.  A  poem  emblazoned  in  these  characters  would  be 
only  comparable  to  one  of  those  deUcious  love  letters  symbohxed  in  a  bunch  of  flowers 
weU  selerted  and  cleverly  arranged." — Sun. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecdesias- 
Ucal  Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.    Oblong  royal  Svo^  2/.  6d,  in  ornamental  boards. 
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AGRICULTURE,  &c. 


Yatiatt  and  Burtis  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  HusUmdiy. 
By  William  Youatt,  Esq.,  V.S.  nth  Edition,  enlaiged  by 
Robert  Scott  Burn,  Author  of  "The  Lessons  of  My  Farm,"  Ac 
One  lai^e  8vo  volume,  784  pp.  with  215  Illustrations,  i/.  is,  half-bd. 


CONTBNTS. 


On  the  Breedings  Rtaring,  Fattening^ 
mmdGet§ermJ  Managtment  ofNtat  Cattle, 
— >Introductory  View  of  the  different  Breeds 
of  Neat  Cattle  in  Great  Britain.— Com- 
rauative  View  of  the  different  Breeds  of 
pleat  Cattle. — General  Observations  on 
buying  and  Stocking  a  Farm  with  Cattle. 
—The  Bull.— The  Cow.— Treatment  and 
Rearing  of  Calves. — Feedingof  Calves  for 
Veal.— Steers  and  Draught  Oxen. — Graz- 
ing Cattle. — Summer  Soiling  Cattle. — 


^ter  Box  and  Stall-feedinfi^  Cattle.— 
Artificial  Food  for  Cattle.— Preparation 
of  Food.— Sale  of  Cattle. 

On  the  Economy  and  Management  of 
ike  Dairy. — Milch  Kine.— Pasture  and 
other  Food  best  calculated  for  Cows,  as 
it  regards  their  Milk. — Situation  and 
Buildings  proper  for  a  Dairy,  and  the 
proper  Dauy  uten&ils.— Management  of 
Millc  and  Oeam,  and  the  Making  and 
Preservation  of  Butter.— Making  and  Pre- 
servation of  Cheese. — Produce  (u  a  Dairy. 

On  the  Breeding^  Rearinrt  **nd  Ma- 
nmgement  0/ Farm-horses. — Introductory 
and  Comparative  View  of  the  different 
Bree<b  of  Farm-horses.— Breeding  Horses, 
Cart  Stallions  and  Mares. — Rearing  and 
Training  of  Colts. — ^Age,  Qualifications, 
and  Sale  of  Horses.— Maintenance  and 
Labour  of  Farm-horses.  —  Comparative 
Merits  of  Draught  Oxen  and  Horses.— 
Asses  and  Mules. 

On  the  Breeding^  Rearing^  and  Fat' 
toning  of  Sheep.  — Introductory  and  Com- 

Brative  View  of  the  different  Breeds. — 
erino,  or  Spanish  Sheep. — Breeding  and 
Management  of  Sheep.  — Treatment  and 
Rearing  of  House-lanbs,  Feedingof  Sheep, 
Folding  Sheep,  Shearing  of  Sheep,  &c 

On  the  Breeding^  Rearing,  and  Fat- 
toning  of  Swine. -AnXx^yKXarf  and  Com- 
parative View  of  the  different  Breeds  of 
Swine. — Breeding  and  Rearing  of  Pigs. — 
Feeding  and  Fattening  of  Swine. — Curing 
Pork  and  Bacon. 


On  the  Diteaoes  of  Cattle.— D'x.,^^ 
Incident  to  Cattle.— Diseases  of  Calves.— 
Diseases  of  Horses.— Diseases  of  Sheep.— 
Diseases  of  Lambs. — Diseases  Incident  to 
Swine.  —  Breeding  and  Rearing  of  Do- 
mestic Fowls,  Pigeons,  &c— Paumpedes, 
or  Web-footed  kinds.— Diseases  of  Fo«ds. 

On  Farm  Offices  and  Implements  of 
Husbandry. — The  Farm-house,  the  Faxm- 
y^,  and  its  Offices.  —  Construction  of 
Ponds. — Farm  Cottages.  —  Farm  Imple- 
ments.— Steam  Cultivation. — Sowing  Ma- 
chines, and  Manure  Distributon. — Steam 
Engines,  Thrashii:^  Machines,  Cora- 
dressing  Machines,  Mills,  Bruiang  Ma- 
chines. 

On  the  Culture  and  Manmgement  of 
Grass  Land. — Size  and  Shape  of  Fields. 
—Fences.  —  Pasture  Land.  —  Meaidow 
Land. — Culture  of  Grass  Land. — Hay- 
making.— Stacking  Hay. — Impediments 
to  the  Scythe  and  the  Eradication  of 
Weeds.— Paring  and  Burning. —Draining. 
Irrigation. — ^Warpin^. 

On  the  Cnltivatton  emd  Applkation 
of  Grasses,  Pulu,  and  J?M^.— Natural 
Grasses  usually  cultivated.  —  Artificial 
Grasses  or  Green  Crops.  —  Grain  and 
Pulse  commonly  cultivated  for  dieir 
Seeds,  for  their  Straw,  or  for  Green 
Forage.— Vegetables  best  calculated  for 
Animal  Food. — Qualities  and  Compara- 
tive Value  of  some  Grasses  and  Roots  as 
Food  for  Catde. 

On  Manures  in  General,  and  their 
Application  to  Gmss  Land, — Vegetable 
NIanures.— Animal  Manures.— Fossil  and 
Mineral  Manures.— Liquid  or  Fluid  Ma- 
nures.— Composts. — Preservation  of  Ma- 
nures.— ^ApphcationofMannres.— Flemish 
System  of  Manuring.— Farm  Accounts, 
and  Tables  for  CalcuUdng  Labour  by  the 
Acre,  Rood,  &c.,  and  by  the  Day,  Week, 
Month,  &c.— Monthly  Calendar  of  Work 
to  be  done  throughout  the  Year. — Obser- 
vations on  the  Weather. — ^Indbx.  ' 


"  The  standard  and  text-book,  with  the  fanner  and  grarier."— /''arMMr'x  Magaxsme, 

"  A  valuable  repertory  of  intdligence  for  all  who  make  agriculture  a  pursuit,  and 
espedaUy  for  those  who  aim  at  keeping  pace  with  the  improvements  of  the  age."— 
BeWs  Messenger. 


•< 


'A  treatise  whieh  will  remain  a  standard  work  on  the  nbject  as  long  s«  British 
agriculture  endures."— ilfar>(  Lane  Express. 
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Scott  Burtis  System  of  Modern  Farming. 

OUTLINE  OF  MODERN  FARMING.     By  R.  Scott  Burn. 

Soils,   Manures,    and    Crops — Farming  and  Farming  Economy, 

Historical  and  Practical-^Cattle,  Sheep,  and  Horses — ^Management 

of  the  Dairy,  Pigs,  and  Poultry,  with  Notes  on  the  Diseases  of 

Stock — Utilisation  of  Town- Sewage,  Irrigation,  and  Reclamation 

of  Waste  Land.     New  Edition.     In  i  vol.  1250  pp.,  balPbound, 

profusely  Illustrated,  price  t2j. 

"There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a  fanner 

from  going  far  wrong  in  any  of  bis  operations.    .    .    .    The  author  has  had  great 

personal  experience,  and  his  opinions  are  entitled  to  every  respect."— (7^«mvr. 

Scott  Burtis  Introduction  to  Farming, 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agricul- 
turists, being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
and  Pigs,  and  in  the  Keeping  of  Farm-work  Records.  By  Robert 
Scott  Burn,  Editor  of  "The  Year-Book  of  Agricultural  Facts," 
&c  With  numerous  Illustrations.  Fcp.  ds.  cloth. 
"A  most  complete  introduction  to  the  whole  round  of  farming  i>ractioe.'*~-y(9^ 

Bull, 

"There  are  many  hints  in  it  which  even  old  farmers  need  not  be  ashamed  to 

sxxiepi**-~'Momtng  Htrald. 

Tables  for  Land  Valuers, 

THE  LAND  VALUER'S  BEST  ASSISTANT:  being  Tables, 
on  a  very  much  improved  Plan,  for  Calculating  the  Value  of 
Estates.     To  which  are  added.  Tables  for  reducing  Scotch,  Irish, 
and  Provincial  Customary  Acres  to  Statute  Measure ;  also,  Tables 
of  Square  Measure,  and  of  the  various  Dimensions  of  an  Acre  in 
Perches  and  Yards,  by  which  the  Contents  of  any  Plot  of  Ground 
may  be  ascertained  without  the  expense  of  a  regular  Survey  ;  &c. 
By  R.  Hudson,  C.E.     New  Edition,  price  4^.  strongly  bound. 
"  Thu  new  edition  includes  tables  for  ascertaining  the  value  of  leases  for  any  term 
of  years ;  and  for  showing  how  to  lay  out  plots  of  |;round  of  certain  acres  in  Ibnns, 
sfiuare,  rouna,  &c.,  with  valuable  rules  for  ascertaimng  the  probable  worth  of  standing 
timber  to  any  amount ;  and  is  of  incalculable  value  to  the  country  gentleman  and  pro- 
fessional man.**—- AVtrmrr'j  Jonmal. 

Auctioneer's  Assistant, 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases^  Annuities,  and  Reversions,  and  of  property  generally; 
with  Prices  for  Inventories,  &c.  By  John  Wheeler,  Valuer,  &c. 
Third  Edition,  enlarged,  by  C  l^ORRis.     Royal  32mo,  strongly 

bound,  price  J/.  [Recently  ptMsked. 

"  A  neat  ana  concise  book  of  reference,  containing  an  admirablie  and  dearly- 
ananged  list  of  prices  for  inventories,  and  a  very  practical  guide  to  determine  the 
value  of  ftimitur^  &c'*-^iMidard. 

The  Civil  Service  Book-^keeping. 

BOOK-KEEPING  NO  MYSTERY:  its  Principles  popvlarly  ex- 
plained, and  the  Theory  oi  Double  Entry  analysed,  ay  an  Expe- 
rienced Book-Keeper,  late  of  H.M.  Civil  Service.  Second 
Edition.  Fcp.  8vo.  price  zr.  cloth. 
"A  book  which  brings  the  so-called  mysteries  within  the  oomsrdieBsiao  of  the 
simplest  capacity."— vS'mm^Si;^  '*'- 
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*'A    Complete  Epitome  of  the  Laws  of  this 
Country!^ 

EVERY  MAN'S  OWN  LAWYER ;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A  Barrister,  nth  Edition, 
carefully  revised,  including  a  Summary  of  the  Ballot  Act,  The 
Adulteration  of  Food  Act,  The  Masters*  and  Workmen's  Arbitra- 
tion Act,  the  Reported  Cases  of  the  Courts  of  Law  and  Eqnihr,  &c. 
With  Notes  and  References  to  the  Authorities.  i2mo,  price  or.  %eL 
(saved  at  every  consultation),  strongly  bound. 

\Nowreadym 

Comprising  the  Rights  and  Wr<mgs  of  Individuals^  Mercantile  and  Com' 
mercial  Law^  Criminal  Lanv^  Parish  Law,  County  Court  Laxo^ 
Came  and  Fishery  Laws^  Poor  Metis  Lawsuits, 

THE  LAWS  OF 
Banksuftcy^Bills  op  Exchanck— Contkacts  and  AcRBBMaNTS— ComoGirr 
— Dowxx  AND  DivoscB— Elbctions  and  Rbgistration— Insukancb— Libkl 
and  Slandbr—Mortgagbs—Sbttlbkbnts— Stock  Exchancb  Practicb — 
Tkadb  Marks  and  Patbnts — Trbspass,  Nuisancbs,  btc — ^Tbanspbr  or 
Land,  btc. — ^Warranty — ^Wills  and  Agrbbmbnts,  btc 

Also  Law  for 
Landlord  and  Tenant — Master  and  Servant— Workmen  and  Apprentices— H^r% 
Devisees,  and  Legatees — Husband  and  Wife — Executors  and  Trustees — Guardian 
and  Ward— Married  Women  and  Infants — Partners  and  Agents— Lender  and 
Borrower — Debtor  and  Creditor— Purchaser  and  Vendor — Companies  and  A«m>- 
ciations— Friendly  Societies— Oergymen,  Churchwardens— Medical  Practitiooers, 
&c. — Bankers — Fanners — Contractors— Stock   and   Share    Brokers — Spoctancn 
and  Gamekeepers — Farriers  and  Horse-Dealers — Auctioneers,  House-Agents-^ 
Innkeepers,  &c. — Pawnbrokers — Surveyors — Railways  and  Carriers,  &c.  ftc 
"  No  EngtukmoH  ought  to  he  tvitfumt  this  book . .  .  any  person  perfectly  ixnin- 
formod  on  legal  matters,  who  may  require  sound  information  on  unknown  law  points* 
will,  by  reference  to  this  book,  acquire  the  necessary  information ;  and  thus  on  many 
oocasions  save  the  expense  and  loss  of  time  of  a  visit  to  a  lawyer,  "—fflywwrr. 

*'  It  is  a  complete  code  of  English  Law,  written  in  plain  language  which  all  can 
understand  . .  .  should  be  in  the  luuids  of  every  busuess  man,  and  all  who  wish  to 
abolish  lawyers'  bUls."— fKr«>t/jr  Ti$nes. 

"  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care.**— Zmv 
MagoMtne. 

"  What  it  professes  to  be— a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intellipUe  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  readi- 
ness wnen  some  knotty  point  requires  ready  solution."— ^^/^^  Life, 

Pawnbrokers*  Legal  Guide. 

THE  PAWNBROKERS',  FACTORS',  and  MERCHANTS' 
GUIDE  to  the  LAW  of  LOANS  and  PLEDGES.  With  the 
Statutes  and  a  Digest  of  Cases  on  Rights  and  Liabilities,  Civil  and 
Criminal,  as  to  Loans  and  Pledges  of  Goods,  Debentures,  Mercan- 
tile, and  other  Securities.  By  H.  C.  Folkard,  Esq.,  of  Lincoln's 
Inn,  Banister-at-Law,  Author  of  the  "Law of  Slander  and  Libel, " 
&c.     i2mo,  doth  boards,  price  7x.  \jfust  feMshed. 

The  Laws  of  Mines  and  Mining  Companies. 

A  PRACTICAL  TREATISE  on  the  LAW  RELATING  to 
MINES  and  MINING  COMPANIES.  By  Whitton  Aaun- 
DELL,  Attomey-at-Law.     Crown  Svo.  4/.  doth. 


Bradbury,  Acncw,  *  Oo.,  Priaten,  WhftflMafs.Londoa. 


THX  PEIZE  XBDAL,  nTZBKATIOVU  ElilUlTlOH,  IBM, 

wu  Awttrdcd  to  til*  PnbUiken  af 
"Wotltfi  SariM." 


RUDIMENTARY  SCIENTIFIC,  EDUCATIONAL, 
AND  CLASSICAL  SERIES. 


■y  Jcfarlmntl  of  Scirycl.  AH,  and  Ejii7, 


l.,lrr«.y  n«JSfr»HH>:  /-.y/fa/.-MJ.  r,'Urvrn^rh...U.  Scir^r  t'Li'^i.  gt..  A^. 


ft  tkl  Hfiiittri  offiid  la  Ht  u^HfWI,  al 


RXmiMENTABT  ^Cr^TIFIC    SEBIES. 

ARCHITECTURE,  BUILDING,  ETC. 
lb".  ARCHITECTURE— ORDERS— Tbt  Orders  and  Iheir  .Esthetic 

I'rinrmlri.     RvW.H.LrKDS.     lllutraud.     11.  «d. 

17.  ARCHnECTURE^STrLES-The  History  anJ  De^icripUon  of 


.  AliCHJTECtifRE—DES/GN—Til^''vkr,'^^^     ''o\'  Design    in 

Archilcclurt.  at  Reducible  fiom  Nature  and  Fumplijed  in  lh«  Wnrkl  of  [)■>> 

'■      ■        ■'■ ..    "   . tnhiitcl.  Hlmi(«ied.  n. 

,.  kml/  iaimd,    mnHUnI 


BY.  F.K.1.B.A^  I 
/—The"' 

i7  ily  E.  L.  GiBB 


a».  TWfi  ^^7-  OF  BUILDING.  Rudiments  of.    General  PHndplci 

of  ConitnictioD,  M.leriali  u.»l  in  Huildini,  Sirenpb  ind  Uie  uf  MatrriiLi, 

Wnrtinx  Drawiniti,  SiMcificationi.  and  EiliiiiatK.     Br  Edwaud  Dobuh, 

M.K.I.H.A.,  &r.  llluR^loL    i>.  6d. 
13.  BRICKS  AND  TILES.  Rudimentaiy  Tieali-e  on  Ihe  Manufac- 

tun  oF;  cnnuiBini  *n  Onlline  of  tlie  Principln  at  Hrickmakini.    By  Kdh-. 

noBM)!<,M.K.l.U.ik.  WilbAdditioBtbyC.TiiHUHSOH.F.K.^.  llTuilnud.  >■. 
as.  MASONRY  AND   STONECUTTING,   Rudimentaiy  Treatise 

tho'  CuTilAirtion  of  Cnrnd  WiDr-W*tl>,  Doina.''oh1iqu '^dnsl'ind 
Konan  ui<l  Gaihii:  Vanltini,  aie  concitelf  eipliiined.  By  EDWAaDDoaam, 

44.  FOUNDaYIONs'a'nD  concrete  ^^^J.aRoilimentaty 

Woi^Twitli  tbn  uHwl  Mnd«  of  TRauncil.  anS  Pnclicil  RctaukiM 
Fcwlinn,  PUnkinr,  Sand.  Concrelo,  B*[nn,  Pile-driving.  Caium..  ai>4 
Cofierdami.    Br  K.  Dobson,  U.R.I.B.A.,  »c.     Third  E^tion,  nriKd  br    . 
Gioaaa  DoDD.  C.E.    lUutratnl.    i>.6d. 
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Architecture,  Building,  etc.,  continued, 

42.  COTTAGE  BUILDING;  or,  Hints  for  ImproTinj;  the  Dwdlisgs 
of  the  Workinff  Classes  and  the  Labouriacr  Poor.  By  C.  Bkocb  Alusi, 
Architect.  With  Notes  and  Additions  by  John  Wkalx  and  others.  Elerentk 
Edition,  revisoi  and  enlarged.    Numerous  Illustrations,    is.  6d. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 
PLASTERING.  &c.,  RudimenUry  Treatise  oa.  By  G.  R.  Buknsxx,  C.E. 
Ninth  Edition,  with  Appendices,    is.  6d« 

57.  WARMING  AND  VENTILATION,  a  Rudimentary  Treatise 
on ;  beine  a  concise  Exposition  of  the  General  Principles  of  the  Art  of  Wano> 
ins[  and  ventilating^  Domestic  and  Public  Buildings,  Mines,  Liglitbovacs, 
Ships,  he.    By  Charles  Tomlinson,  F.B.S.,  &c.    iTlostrated.    3*. 

83»».  CONSTRUCTION  OF  DOOR  LOCKS.  Compiled  from  the 
Papers  of  A.  C.  Hobbs,  Esq.,  of  New  York,  and  Edited  by  Chaklbs  Tom- 
UNSON,  F.R.S.  To  which  is  added,  a  Description  of  Fenby's  Patent  Locks, 
and  a  Note  upon  Iron  Safbs  by  Robkrt  Mallbt,  M.I.C.E.    Zllos.    as.  6d. 

III.  ARCHES,  PIERS,  BUTTRESSES,  6fc,:  Experimental  Essays 
on  the  Principles  of  Construction  in ;  made  with  a  view  to  their  being  nsenil 
to  the  Practical  Builder.    By  Wiluam  Bland.    Illustrated,    zs.  6d. 

116.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS;  or.  The 
Principles  of  the  Science  of  Sound  am>lied  to  the  purposes  of  the  Architect  and 
Builder.    By  T.  Rogrr  Smith,  M.K.I.B.A.,  Architect.    Illustrated,    is.  6d. 

124.  CONSTRUCTION  OF  ROOFS,  Treatise  on  the,  as  regards 
Carpentry  and  Joinery.  Deduced  from  the  Worics  of  RotBisoN,  Prick,  aad 
Trbdgold.    Illustrated,    zs.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,   Architect.     With  IllustratioBs,  designed  by  the 
Author,  and  engraved  by  O.  Jrwitt.    zs.  6d. 

128.  VITRUVIUS^THE     ARCHITECTURE     OF     MARCUS 

VITRUVIUS  POLLO.     In  Ten  Books.     Tmnslated  from  the  Latin  bj 
JosBPH  GwiLT,  F.S.A.,  F.R.A.S.    With  aj  Plates.    5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiiy  into  the  Principles 
of  Beauty  in ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Earl  op  Abbrdkbn.    is. 

•*  The  two  Preceding  Works  tn  One  kandseme  VoL,  half  hound,  enMled**AMCWKXt 

Architbcturb."    Price  te, 

132.  DWELLING-HOUSES,  a  Rudimentary  Treatise  on  the  ErcctioD 
of.  Illustrated  by  a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a  Pair 
of  Si-mi -detached  Villas,  with  the  Specification,  Quantities,  Estimates,  he. 
By  S.  H.  Brooks,  Architect.    New  Edition,  with  plates,    ss.  (Sd. 

156.  QUANTITIES  AND  MEASUREMENTS,  How  to  CalcoUte  and 
Take  them  in  Bricklayers*,  Masons',  Plasterers'  Plumbers*,  Painters',  Paper- 
hangers',  Gilders'  Smiths',  Carpenters',  and  Joiners'  Work.  With  Rules  for 
Abstracting  and  Hints  for  Preparing  a  Bill  of  Quantities,  &c.,  he.  By  A.  C. 
Bbaton,  Architect  and  Surveyor.  New  and  Entarced  Edition,  lllos.    is.  6d. 

175.  THE  BUILDER'S  AND  CONTRACTOR'S  PRICE  BOOK 
(LocxwooD  8c  Co.'s).  with  which  is  incorporated  "Atchlby's  Builokr's 
Pricb  Book."  and  the  "Illustratbo  Pricb  Hook,"  published  annually, 
containing  the  present  Prices  of  all  kinds  of  Builders*  Materials  and  LalMinr. 
and  of  all  Trades  connected  ^th  Building :  Memoranda  and  Tables  reqaiied 
In  making  Estimates  and  taking  out  Quantities,  ftc.  With  5  Plates,  con- 
taining Plans,  ftc.,  of  Villas,  and  Specification.    3s.  6d. 

182.  CARPENTRY  AND  yoINERY—Tm  Elementary  Piin- 

ciPLKfl  OP  Carpbntrt.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Trrdoold,  C.E.  With  Additions  from  the  Works  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERY  by  E.  Wtmomam 
Tarn,  M.A.    Nnmerous  Illnstratlons.    js.  6d. 

i82«.  CARPENTRY  AND  JOINERY.     ATLAS  of  .^5  Plates  to 
accompany  the  foregoing  book.    With  Descriptive  Letterpress.    410.    6s. 
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CIVIL  ENGINEERING,   ETC. 

13.  CIVIL  ENGINEERING,  the  Rudiments  of;  for  the  Use  of 
Bfl^nen,  for  Practical  Engineers,  and  for  the  Arni^  and  Navjr.  By  Hbnry 
Law,  C.E.  Inclading  a  Section  on  Hydraolic  EnetneeriBr,  by  Gboror  k. 
BimmiLL,  C.S.  sdi  Edition,  with  Notes  and  lUnstrations  by  Robert 
Mallbt,  A.M^  F.R.S.    Illustrated  with  Plates  and  Dia«rranis.    5s. 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS,  By  G. 
DavsDAUc  Dimpsbv,  C.E,  New  Edition,  revised  and  enlarged.  Illustrated. 
IS.  fid. 

50.  THE  DRAINAGE  OF  TOWNS  AND  BUILDINGS,     By 
G.  DnvsDAtK  DSNPSBY,  C.E.    New  Edition.    Illustrated,    as.  6d. 
•••  Wiik  "  Drainage  0/ Duiricis  and  Lands;*  in  One  Vol,,  3*.  &/. 

31.  WELL'DIGGING^  BORING,  AND  PUMP-WORK.  By 
JoHM  Gbokgr  Swikdru,  Assoc.  R.I.B.A.  New  Edition,  revised  by  G.  R. 
BuRNBLL,  C.E.    Illnstrated.    is. 

35.  THE  BLASTING  AND  QUARRYING  OF  STONE^  Rndi- 
mentary  Treatise  on;  for  Building  and  other  Purposes,  with  the  Con- 
stituents and  Analyses  of  Granite,  Slate,  Limestone,  and  Sandstone  :  to 
which  is  added  some  Remarks  on  the  Blowing  np  of  Bridges.  By  Gen.  Sir 
John  Burcoynb,  Bart.,  K..C.B.    Illnstrated.    is.  6d. 

43,  TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES. 
Psnticnlarlv  describing  the  Bcitannia  and  Conwat  Tubular  Bridges. 
With  a  sketch  of  Iron  Bridges,  and  Illustrations  of  the  Application  of 
Malleable  Iron  to  the  Act  of  Bridge  Building.  By  G.  D.  Dbmpsky,  C.E., 
Atttnor  of  "  The  Practical  Railway  Engineer,^'  Stc,  «tc.  New  Edition,  with 
Illustrations,    is.  6d. 

46.  CONSTRUCTING  AND  REPAIRING  COMMON  ROADS, 

I  Papers  on  the  Art  of.    Containinr  a  Survey  of  the  Metropolitan  Roads,  by 

S.  IIUGMKS,  C.E.  {  The  Art  of  Constmcting  Common   Roads,  by  Hknry 

I  Law.  C.E. ;    RemaHu  on  the  Maintenance  of  Macadamised  Roads,  by 

.Field-Marshal  Sir  John  F.  Burgoynb,  Bart.,  G.C.B.,  Royal  Engineers, 

Stc.,  he.    Illastn^ea.    is.  6d. 

6».  RAILWAY  CONSTRUCTION,  Elemcntaiy  and  Practical  In- 
struction on  the  Science  of.  By  Sir  Macdonald  Stbphbn90n,  C.E., 
Managing  Director  of  the  East  India  Railwav  Company.  New  Edition, 
revised  aad  enlaiged  by  Edward  Nugsnt,  C.E.  Plates  and  numerous 
Woodcuts,    js. 

62*.  RAILWAYS;  their  Capital  and  Dividends.    With  Statistics  of 
their  Working  in  Great  Briuin,  ftc,  &c.    By  E.  D.  Chattawav.    is. 
V  6s  <iW6i*,  in  One  Vol.^  3s.  &/. 

8o«.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 

Treated  as  a  Means  of  Profitable  Emp)o]mfieot  for  Capital.  With  Examples 
and  Particulars  of  actual  Embanlunents,  and  also  Practical  Remarks  on  tlae 
Repair  of  old  Sea  Walls.  By  John  Wiggins,  F.G.S.  New  Edition,  with 
Notes  by  Robrrt  Maixbt,  F.K.S.    as. 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 
a  Description 

fluencin^  Su; 

for  raising 

revised  and  enlarged,  with  numerous  Illustrations.    4s 

82**.  GAS  WORKS,  and  the  Practice  of  Manufacturing  and  Distributiaj^ 
Coal  Gas.  Bv  Samurl  Huchbs,  C.E.  New  Edition,  revised  by  W. 
Richards,  C.E.    Illustrated,    js. 

117.  SUBTERRANEOUS  SURVEYING ;  an  ElemcnUiy  and  Prac- 

tical  Treatise  on.  By  Thomas  Fbnwick.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic  Needle,  and  other 
modern  Improvements.    By  Thomas  Bakkr,  C.E.    Illustrated,    as.  6d. 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 

of.    By  David  Stbvbnson,  F.R.S.E.,  he.    Plates  and  Diagrams,    js. 

7,  statiqners'  hall  court,  ludgate  hill,  e.c. 
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Civil  Engineering,  etc.,  coHtinued. 

120.  HYDRAULIC  ENGINEERING,  the  Rudiments  of.     By  G. 

K.  BuRNBLL,  C.E.,  F.G.S.    Illustrated,    js. 

121.  RIVERS  AND  TORRENTS.    With  the  Method  of  RegaUting 

tiieir  Cottrses  and  Channels.  Bf  Professor  Paul  Fbisi.  F.R^..  of  Milan. 
Towhich  is  added,  AN  ESSAY  ON  NAVIGABLE  CANALS.  Translated 
%y  Major-G«neral  John  GAUsmf ,  of  the  Bengal  Eagineen.   Plates,   as.  6d. 


MECHANICAL  ENGINEERING,   ETC. 

33.  CRANES,  the  Constmction  of,  and  other  Machinery  for  Raiting 

Heavy  Bodies  for  the  Erection  of  Buildings,  and  for  Hoistingr  Goods.    Bjr 
JosKPH  Glynn,  F.R.S.,  &c.    Illostrated.    is.  6d. 

34.  THE  STEAM  ENGINE,  a  Rudimentary  Treatise  on.    By  Dr. 

Lardner.    iritistratcd     is. 
59.  STEAM  BOILERS:  Their  Construction  and  Management    By 

R.  Armstrong,  C.E.    Illustrated,    is.  6d. 
63.  AGRICULTURAL  ENGINEERING :  Farm  Buildings,  Motive 

Power,  Field  Machines,  Machinery,  and  Inq>Ieaients.    By  G.  H.  Axdrxws, 

C.E.    Illustrated,    js. 

67.  CLOCKS,   WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 
on.  By  Sir  Edmund  BecKarr  (late  EoMu.fD  BRCitaTT  Dbxisopt,  LL J>.,  ^Xl^ 
•»•  A  New,   Revised,  and  comiderahly  Enlar)ff4  EJiiion  of  the  abort  Stamdard 
Treatise,  Vfifk  very  Mumerout  IllnsimiionSf  is  mna  ready,  price  4s.  6rf. 

77».  THE  ECONOMY  OF  FUEL,  particularly  with  Reference  to 
Reverbatory  Furnaces  for  the  Manufacture  of  Iruo»  and  to  Stcasi  Boilers. 
By  T.  Symes  Pridbaux.    is.  6d. 

82,  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 
and  to  giTO  motion  to  Turbines  and  other  Hydrostatic  Engines.  By  Josarn 
Glynn,  F.K.S.,  ftc.    New  Edition,  Illustrated,    as. 

98.  PRACTICAL  MECHANISM,  the  Elements  f3i\  and  Machine 
Tools.    Hy  T.  Bakbk,  C.E.    With  Remarks  ob  Tools  and  Machinery,  by 

J.  Nasmyih,  C.E.    Plates,    as.  6d. 

114.*  MACHINERY,  Elementary  Principles  of,  in  its  Construction  and 
Working.  Illustrate'l  by  nnmcrous  Examples  of  Modem  Machinery  for 
different  Hranches  ot  Mannfactnrc.    By  C.  D.  Abkl,  C.E.    is.  6d. 

115.  ATLAS    OF  PLATES.     Illustrating  the  above  Treatise.     By 

C.  D.  Abel,,  C.E.    73.  6d. 
125.  THE  COMBUSTION  OF  COAL  AND  THE  PREVENTION 

OP  SMOKE,  Cherairallv  and  Practically  Considered.    With  an  Appendix. 

By  C.  Wy«  Wiluam.<i,  A.I.C.E.    Plates.    38. 

n9.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 
of,  with  Rules  at  Icngrtb,  and  Examples  for  the  Use  of  Practical  Men.  By 
T.  Bakbr,  C.E.    Illustrated,    is. 

162.  THE   BRASS   FOUNDER'S    MANUAL;    Instructions    for 

Modelling,  Pattern-Making,  Moulding,  Tuminr.  Filing,  BnmishLng. 
Bronzing,  &c.  With  copious  Receipts,  numerous  Tables, and  Noteson  Prime 
Costs  and  Estimates.    By  Walter  Gkah\m.    Illostrated.    as.  6d. 

164.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Marine, 

Land,  and  locomotive  Engines,  Floating  Docks,  bredging  Machines, 
Bridges,  Cranes,  Ship-building,  ftc,  &c.    By  J.  G.  Winton.   Illustrated.  3s. 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillar5,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.  By  Jf.  Armour,  C.E.  Numerous  Woodcuts. 
ss.  6d. 
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Mechanical  Engineering,  etc.,  amitMiud. 

166.  POWER  W  MOTION:  Horse-Power,  Motion,  Toothed-Whed 

G«armf,  Loaf  and  Short  Drivings  Band*,  Angular  ForoM.  By  Jamvs 
Armoor,  CE.    With  73  Diagraois.    ss.  6d. 

167.  THE  APPLICA  TION  O  F  IRON  TO  THE  CONSTR  UCTION 

OF  BRIDGES,  GIRDERS.  ROOFS,  AND  OTHER  WORKS.  Sbowine 
the  Principles  «pon  which  such  Stntctures  arc  designed,  and  their  Practical 
Application.    By  Francis  Campin,  C.F<.    Numerous  Woodcats.    2s. 

171.  THE     WORKMAN'S    MANUAL     OF    ENGINEERING 

DRAAI^'ING.  By  John  Maxton,  Ea^ineer,  Instructor  iti  En^neering 
Drawiae,  Royal  Stcbool  of  Naval  Architecture  and  Marine  Eogineerine, 
South  iLeasingtoa.  Illustrated  with  7  Plates  aod  nearly  J50  Woodcuts.  3S.6d. 

SHIPBUILDING,   NAVIGATION^   MARINE 

ENGINEERING,   ETC. 

51-  NAVAL  ARCHITECTURE^  the  Rudiments  of;  or,  an  Expos!- 
tioa  of  the  Elementary  Principles  of  the  Science,  and  their  Practical  Appli- 
cation to  Navid  Construction.  Compiled  for  the  Use  of  Beginners.  By 
Jamss  Prake,  School  of  Naval  Architecture,  H.M.  Dockyard,  PortsmOutlu 
Third  Edition,  corrected,  with  Plates  and  Diagrams.    3s.  6d.  ' 

53*.  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  Elementaiy 
and  Practical  Principles  of  the  Coostraction  of.  By  Hakon  A.  Sommbr- 
VSLDT,  Surveyor  of  the  Royal  Nonregian  Navy.    With  an  Appendix,    is. 

53»».  AN  A  TLAS  OF ENGRA  VINGS  to  Ilhistrate  the  above.  Twelve 
large  folding  plates.    Royal  4tO|  clock.    7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudimentanr  Treatise  00.  Also  Tables  of  Spars,  Rigging,  Blocks ;  Chain, 
Wire,  and  Hemp  Ropes,  Itc^  relative  to  every  class  of  vessels.  Together 
with  aa  Appendix  of  Dimensions  of  Masts  and  Yards  of  the  Royal  Navy -of 
Great  Britain  and  Ireland.  By  Robbrx  Kif  pino,  N.A.  I'hirteeaih  Edition. 
Illustrated.     la.  6d. 

54«,  IRON  SHIP-BUILDING.  With  PracUcal  Examples  and  Details 
for  the  Use  of  Ship  Ownen  and  Ship  Builders.  By  John  Gramtham,  Con- 
salting  Engineer  aad  Naval  Architect.  Fifth  Edition,  with  important  Addi- 
tions.   4a. 

54*«.  AN  ATLAS  OF  FORTY  PLATES  to  lUostnite  the  above. 
Fifth  Edition.  Including  the  latest  Examples,  such  as  H.&L  Steam  Frigates 
*•  Warrior,"  "Hercules,^  **  Bellerophon ;  "  H.M.  Troop  Ship  "Serapis,'* 
Imo  Fk>atiag  Dock,  &c.,  %c.    4to,  boards.    3fts. 

55.  THE  SAILOR'S  SEA  BOOK:  A  Rudinientasy  Treatise  on 

Navigation.  I.  How  to  Keep  the  Log  aad  Work  it  off.  IL  On  Finding  tU 
Latitude  aad  Longitude.  By  Jambs  Grrinwood,  B.A.,  of  Jesus  College, 
Cambridge.  To  which  are  added.  Directions  for  Great  Circle  Sailing ;  an 
Essay  «n  the  Law  of  Stonas  and  Variable  Winds ;  aad  Explanations  of 
Terms  ined  in  Ship-building.  Ninth  Edition,  with  several  Engravings  aad 
Coloured  Illustrations  of  the  riags  of  Maritime  Nations,    as. 

80,  MARINE  ENGINES^  AND  STEAM  VESSELS,  a  Treatise 
on.  Together  with  Practical  Remarks  on  the  Screw  and  ProipeUing  Power, 
as  used  in  the  Royal  and  Merchant  Navy.  By  Robkrt  Murrat,  C.E.. 
Eagineer-Snrveyor  to  the  Board  of  Tr.>de.  With  a  Glossary  of  Technical 
Terms,  and  their  Equivalents  in  French,  Germaa,  and  Spanish.  Fifth  Edition, 
levised  and  enlarged.    Illustrated.    3s. 

«3*w.  THE  FORMS  OF  SHIPS  AND  BOATS :'Hmts,  lExperinicnt- 
ally  Derived,  on  some  of  the  Principles  regulating  Ship-building.  By  W. 
Blavd.  Sixth  Edition,  rmrised,  with  nunuKTOus  Illustrations  and  Models.  xs.M. 

09.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  With  Attempts  to  &cilitate  the  Finding  of  the  Time  and  the 
Longitnde  at  Sea.  By  J.  R.  Yoimo,  fomeriy  ProfiBssor  of  Mathematics  in 
Belfast  College.    Illustrated,    as.  6d. 


7,  STATIONERS*  HALL  OOUET,   LUDGATB  HILL,   E.C. 


wsale's  rudimentarv  series. 


Shipbuilding,  Navigation,  etc.,  continued, 

lOo*.  TABLES  intended  to  facilitate  the  Operations  of  Havigatioo  and 
Nanttcal  Astroaomy,  as  «i  AccoaqMUiinieBK  to  the  wham  BocA.  Bj  J.  R. 
YouNO.    IS.  6d. 

106.  SHIPS*  ANCHORS,  a  tVeatise  am.     By  Geougs  Cotsel£» 

N.A.    nimtrated.    is.  6d. 

149.  SAILS  AND  SAIL-MAKING,  an  Elementary  Treatise  on. 
With  Drattehtinc  and  the  Centre  of  Effort  of  the  Sails.  Also,  Wdc^t» 
and  Siies  of  Ropes  ;  Mastfng,  Riirginf ,  and  Sails  of  Steam  Vessels,  he.,  he. 
Ninth  £ditioo»  enlareed^  with  a»  Appendix.  By  Robxrt  Kifmnb,  NA., 
Sailmafter,  Quayside,  Newcastle..    Inastrated.    as.  6d.. 

155.  THE  ENGINEER'S  GUIDE  TO  THE  ROYAL  AND 
MERCANTILE  NAVIES.  By  a  Practical  ENCiNUit.  Rerised  by  IX 
T.  BfCARTHY,  lute  of  the  Ordoaace  Snrrey  Office,  Southamptoa.    jy» 


PHYSICAL    science:,    NATURAL    PHILO- 
SOPHY,  ETC. 

1.  CHEMISTRY,  for  the  Use  of  Beginnera.'  By  Ptofessor  Geokgk 
FowNBS,  F.R.S.  With  a»  Appendix,  on  the  Application  of  Chenistry  to 
Affricumire.    is. 

3.  NATURAL  PHILOSOPHY,  Introdoction  to  t]ie  Stndy  of;  for 

the  Use  of  Beginness.  By  C.  ToMLiNSflK^  Lectorer  en  Vntnnl  Seiace  \m 
Kind's  College  School,  London.    Woodcnt«^    ir.6d. 

4.  MINERALOGY,  Rndimettts  of;  a  concise  View  of  the  IVopcrties 

oflftnecah.   By  A.  Ramshv,  Jan.    Weodcntai  and  Steel  Plntes.    js. 

6.  MECHANICS,  Rudimentary  Treatise  on ;  Being  a  concbe  Ex- 

ptositioa  of  the  Genera!  Principles  ef  Mechanical  Science,  and  their  ApBlica« 
tions.  E^  Cnablss  Tomunson,  Lectnrer  en  Natnral  Science  in  lu^*» 
College  School,  Londms.    Iltnstrated.    is.  64. 

7.  ELECTRICITY;  showing  the  General  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  hat  been  applied.  By  Sir  W.  Sieonr 
Habrm,  F.R.S.,  fcc.  With  censidecnble  Addition  by  R.  Sabwb,  CJE.» 
F.S.A«  Woodcnts.  is.6d. 
7*.  GAL  VANISM,  Rudimentary  Treatise  on»  and  the  General  Prin. 
eiplee  of  AninMil  and  Voltak  Electndty.  By  Sir  W.  Skow  Hamos.  New 
EaitiMi,  revised,  with  considarahle  Additions,  by  Robbjrt  Sawwb,  CE^ 
F.SA.    Woodcuts.    is.6d. 

8.  MAGNETISM;  being  a  concise  Exposition  of  the  OnenI  Prin- 

"~  -  -    -  Ij^^ 


A 

Manual  of  Electricity,"  «c.,  &c.    With  165  Wooocuts.    3s.  6d. 

11.  THE  ELECTRIC  TELEGRAPH;  its  History  and  Ptomss; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabut^  C.E.,  PJSwA.,  tar. 
Woedents.    3s 

12.  PNEUMATICS,   for    the    Use   of   Beginners.     By^  Chaxzxs 

ToMUNSON.    Illustrated,    xs.  6d. 

72.  MANUAL  OF  THE  MOLLUSC  A ;  a  Treatise  on  Recent  and 

Fossil  SheUs.  By  Dr.  S.  P.  WnoowABi\  AX.S.  With  Appendix  bv 
Ralfa  Tatb,  A.L.S.,  F.G.S.  With  anmerous  Plates  and  joo  Woodcuts. 
6s.  6d.    Ctoth  boards,  7s.  6d. 

79**.  PHOTOGRAPHY,  Popular  Treatise  on;  with  a  Description  of 
the  Stereoscope,  kc.  Translated  from  the  Freadb  of  IX  Vak  MoacKHOvair^ 
by  W.  H.  Tbornthwaitb,  Fh.D.    Woodcnts.    is.  6d. 

96.  ASTRONOMY.     T^y  the  Rer.  R.  Main,  MA.,  F.R^.,  Stc. 
New  and  ealaived  Editieai,  wi^  aa  Appeadix  oa  "  Spectraat  Analysis.** 
Woodcuts,    xs.  6d. 
1!— • ■ 
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Physical  Science,  Natural  Philosophy,  etc.,  continued, 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 
embracing:  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T.  Baker,  C.£.    zs.  6d. 

138.  TELEGRAPH,  Haodbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  to  Candidates  for  Employ- 
ment in  the  Telegraph  Service.  By  R.  Bond.  Fourth  Edition,  revised  and 
enlarged :  to  wUch  is  appended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, a^d  PRACTICAL  TELEGRAPHY,  for  the  Use  of  Students, 
bv  W.  McGrcgor,  First  Assistant  Superintendent,  Indian  Gov.  Telegraphs. 
Woodcuts,    js. 

143.  EXPERIMENTAL    ESSAYS.      By    Charles    Tomlinson. 

I.  On  the  Motions  of  Camphor  on  Water.    II.  On  the  Motion  of  Camphor 
towards  the  Light.  III.  Historyof  the  Modem  Theoryof  Dew.  Woodcuts,  is. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 

lock's  "  Rudiments  of  Geology."    By  Ralph  Tate,  A.L.S.,  &c.    Numerous 
Woodcuts.    «s. 

174.  HISTORICAL    GEOLOGY,    partiy    based    on    Major-General 

Portlock's  "  Rudiments.*'  By  Ralph  Tats,  A.L.S.,  &c.  Woodcuts.  2s.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

^        Historical.    Partly  based  on  Major-General  Portlock's  '*  Rudiments  of 

...       Geology."    By  Ralph  Tatb,  A.L.S.,  F.G.S.,  %uc,,hc.    Numerous  Illustra- 

^*^'     tions.    laOaeVoleme.    4s.  6d. 

183.  ANIMAL  PHYSICS,  Handbook  of.    By  DiONTSius  Lardner, 

^       D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  Uni- 
versity Collese,  Loadoo.    Widi  520  Illustrations.     In  One  Volume,  cloth 

184.  boards.    7s.  od. 

%•  Sold  also  in  Two  Parts,  as  follows  : — 

■Sj.     An»al  Physics.    By  Dr.  Lardnbr.    Psirt  I.,  Chapter  I— VII.    a. 

K84.     Animal  Physics.    By  Dr.  Lardmbr.    Part  II.  Chapter  VIII— XVIII.    3s. 


MINING,    METALLURGY,    ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  oa,  with  and  without  the  Magnetic  Needle.  By  Thomas  Fbnwick, 
Surveyor  of^Mines,  and  Thomas  Baker,  C.E.    Illustrated,    ss.  6d. 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 

of  Seeking,  Mining,  and  Assaying  Copper,  and  Manafiactaring  its  Alloys. 
By  RoBBRT  H.  Laubohm,  Ph.D.    Woodcuts,    ss. 

134.  METALLURGY  OP  SILVER  AND  LEAD,     A  Description 

of  the  Ores ;  their  Assay  and  Treatowat,  and  valuahla  Constituents.    By  Dr. 
R.  H.  Lamborv.    Woodcats.    ss. 

135.  ELECTRO'METALLURGY;  Practically  Treated*     By  A^lex- 

ANORR  Watt,  F.R.S.S.A.    New  Edition.    Woodcuts,    ss. 

172.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students^  (kc.  Comprising  Observations  on  the  Materials  from,  and 
Processes  by  which,  they^  axe  maanfrictured ;  their  Special  Uses,  Applica- 
tions, OnalitieSf  and  Rfficiency.  By  William  Morgans,  Lecturer  on  Mining 
at  the  Bristol  School  of  Mines,    as.  6d. 

I72«.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the 
above,  containing  ajs  Illnstrations  of  Mining  Tools,  drawn  to  Scale.  4to. 
4s.  6d. 

176.  METALLURGY  OF  IRON,  a  Treatise  on  the.  Containing 
Outlines  of  the  History  of  Iron  Manufsctnre,  Methods  of  Assay,  and  Analjrses 
of  Iron  Ores.  Processes  of  Manufacture  of  Iron  and  Steel,  Ac.  By  H. 
Baubrman,  F.G.S..  Associate  of  the  Royal  School  of  Mines.  Fourth 
E«lition,  revised  au&a  enlarged,  with  numerous  Illustrations.    4s.  6d. 
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Mining,  Metallurgy,  eto,f  ctmtifwed^ 

i8o.  COAL  AND  COAL  MINING:  A  Rudimentarv  Treatise  od. 
By  WxaiNGTON  W.  Smyth.  M.A..  F.R.S.,  fitc..  Chief  Inspector  of  the 
Mines  of  the  Crown  and  of  nie  Duchy  of  Comwalt.  Second  Edition,  revised 
and  corrected.    With  numerous  Illiutrations.    3s.  6d, 


EMIGRATION. 

154.  GENERAL  HINTS  TO  EMIGRANTS.    Containing  Notices 

of  the  various  Fields  for  Emigration.  With  Hints  on  Prei»ar:ition  for 
Emigrating,  Outfits,  &c.,  &c.  With  Directions  and  Recipes  lueful  to  tiie 
Emigrant.    With  a  Map  of  the  World.    2s. 

157.  THE  EMIGRANTS  GUIDE  TO  NATAL.  By  Robert 
Jambs  Mann,  F.R.A.S.,  F.M.S.  Second  Edition.  carefoUy  corrected  to 
the  present  Date.    Map.    2s. 

159.  THE  EMIGRANT'S  GUIDE  TO  AUSTRALIA,  Nev  South 

IValet,  H^esiem  Australtd,  South  AusiraUa^  Victoria,  and  QuoemsloMJ.  By 
the  Rev.  Jambs  Baikd,  B.A.    Map.    2s.  6d. 

160.  THE  EMIGRANT'S  GUIDE  TO   TASMANIA  and  NEW 

ZEALAND.    By  the  Rev.  Jambs  Baird,  B.A.    With  a  Map.    ss. 

iS98iTHE  EMIGRANTS  GUIDE  TO  AUSTRALASIA.    By  the 
160.    Rev.  J.  Baird^  B.A.    Comprising  the  above  two  volumes,  lamo,  doth  boards. 
With  Maps  of  Australia  and  New  Zealand.    5s. 


AGRICULTURE. 

29.  THE   DRAINAGE   OF  DISTRICTS   AND  LANDS.      By 
G.  Drysdalb  Dkmpsby,  C.E.    Illustrated,    is.  6d. 
•••   WitA  "  Drainage  of  Tovms  and  Building^;'  in  One  Vol.,  3*. 

63.  AGRICULTURAL  ENGINEERING:  Farm  Buildings,  Motive 
Powers  and  Machinery  of  the  Steading,  Field  Machines,  and  Implements. 
By  G. H.  Andrbws,  C.Il.    IBustrated.    $». 

66.  CLAY   LANDS    AND    LOAMY    SOILS.       By    Professor 
Donaldson,    is. 
131.  MILLER'S,   MERCHANTS,   AND   FARMER'S  READY 

RECKONER,  for  ascertaining  at  sight  tbi.^  value  of  any  quantitv  of  Com, 
from  One  Bushel  to  One  Hundred  Quarters,  at  any  given  price,  m»  if  f  to 
£s  per  Quarter.  Together  with  the  approximate  valaes  of  Millstones  and 
Miliwork,  &c.    IS. 

14a  SOILS,   MANURES,   AND  CROPS   (Vol.   I.  Ouiuiixs  om 
MoDXXN  Farming.)    By  R.  Scorr  Burn.    Woodcuts,    ss. 

141.  FARMING  AND  FARMING  ECONOMY,  Notes,  Historical 

and  Practical  on.  (Vol.  s.  Outunbs  of  Moobrn  Farming.)  By  R.  Scorr 
Burn.    Woodcuts.    3s. 

142.  STOCK;    CATTLE,    SHEEP,   AND    HORSES.      (Vol.    3. 

OuTUNBS  OF  MoDB&N  Farmino.)    By  R.  Scott  Burm.  Woodosts.    as.  6d. 

145.  DAIRY,  PIGS,  AND  POULTRY,   Management  of  the.     By 

R.  Scott  Bitrn.  With  Notes  on  the  Diseases  of  Stock.  (Vol.  4.  Ovtunbs 
OF  MoDBRN  Farming.)    Woodcuts.    2s. 

146.  UTILIZATION     OF     SEWAGE,     IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.  (Vol.  5.  Outunbs  of  Modbrn 
Farming.)    By  R.  Scott  Burn.    Woodcuts,    as.  6d. 

*«*  Nos.  I40-I-2-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  **Ovtunrs  op 
Modbrn  Farming.*'    By  Robbrt  Scott  Burn.    Price  iss. 

17^,  FRUIT  2REES;  The  Scieutific  and  Profitable  Cultnre  of.  FVom 
the  French  of  Du  Brzuil,  Revised  by  Gbo.  Gimhuy^  187  Woodcuts,  js.  6d. 
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FINE    ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.  Adapted  to  Young 
Students  and  Amateurs  in  Architecture,  Paintinf,  &c.  By  Gborcb  Pyne, 
Artist.    Woodcuts.    2s. 

37.  A  GRAMMAR  OF  COLOURING,  applicable  to  House  Paint- 
ing; Decorative  Architecture,  and  the  Arts,  for  the  Use  of  Practical  Painters 
aim  Decorators.  Bv  Gkorob  Fibld,  Author  ot  "  Chromatics ;  or.  The  Ana- 
logy, Harmony,  ana  Philosophy  of  Colours,"  &c.  Coloured  Illustrations. 
2S.  6d. 

40.  GLASS  STAINING;  or,  Painting  on  Glass,  The  Art  of.  Com- 
prising Directions  for  Preparing  the  Pigments  and  Fluxes,  laying  them  upon 
the  Glass,  and  Firing^  or  Burning  in  the  Colours.  From  the  German  of  l>r. 
Gbssbrt.    To  which  is  added,  an  Appendix  on  Thb  Art  or  Enambixing, 

.  41.  PAINTING  ON  GLASS,  The  Art  of.     From  the  German  of 
Emanubl  Otto  Frombbrg.    is. 
69.  MUSIC,    A    Rudimentary   and    Practical    Treatise    on.      With 

numerous  Kxamples.    By  Charlbs  Child  Spb  cbr.    ss. 
71.  PIANOFORTE,  The  Art  of  Playing  the.     With  numerous  Exer- 
cises and  Lessbns.  Written  and  Selected  from  the  Best  Masters,  by  Charlbs 
Child  Spbncrr.    zs. 

181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic.  Miniature. 
Painting  on  Ivorv,  Vellum,  Pottery,  Enamel,  Glass,  ftc.  With  Historical 
Sketches  of  the  IVogress  of  the  Art  by  Thomas  John  Guluck,  assisted  by 
John  Times,  F.S.A.  Third  Edition,  revised  and  enlarged,  with  Frontispiece 
and  Vignette.    5s. 


ARITHMETIC,    GEOMETRY,    MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  aTreatUeon;  in  which 
their  Construction,  and  the  Methods  of  Testing,  Adjusting,  and  Using  them 
are  concisely  Explained.    B^  J.  F.  Ubathbr,  MJV..,  of  the  Royal  Military 
Academy,  Woolwich.    Original  Edition,  in  i  vol..  Illustrated,    xs.  6d. 
%•  In  ordering  the  above^  be  careful  io  say,  "Original  Edif ion,**  or  give  ike  number 
in   the  Series  {ya)  to  distinguish  it  from  ike  Enlarged  Edition  in  3  vols. 
{JVas,  168-9-70). 
60.  LAND  AND  ENGINEERING  SURVEYING,  2l  Treatise  on; 
with  all  the  Modem  Improvements.    Arranged  for  the  Use  of  Schools  and 
Private  .Students ;   also  for  Practical  Land  Surveyors  and  Engineers.    By 
^T.  Bakxr,  C.E.  New  Edition,  revised  by  Edward  Nuob.nt,  C.E.  Illustrated 
with  Plates  and  Diagrams,    as. 
6l».  READY  RECKONER    FOR    THE   ADMEASUREMENT 
,OF  LAND.    By  Abraham  Arman,  Schoolmaster,  Tburleigh,   Beds.     To 
.which  is  added  a  Table,  showinff  the  Price  of  Work,  from  as.  6d.  to  /^z  per 
acre,  and  Tables  for  the  Valuation  of  Land,  from  is.  to  /^i,ooo  per  acre,  and 
from  one  pole  to  two  thousand  acres  in  extent,  &c.,  8ic.    is.  6d. 
76.  DESCRIPTIVE    GEOMETRY,    an    Elementanr  Treatise    on; 
with  a  Theotyof  Shadows  and  of  Perspective,  extracted  nrom  the  French  of 
G.  Moncb.    To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isometrical  Projection ;  the  whole  being  intended  as  an  introduction  to  the 
Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.    By 
J.  F.  Hbathrr,  M.A.    Illustrated  with  14  Plates,    as. 

178.  PRACTICAL   PLANE    GEOMETRY:    giving   the    Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Hbathbr,  M.A.  With  ai5  Woodcuts,  as. 

179.  PROJECTION :   Orthographic,  Topographic,   and  Perspective  : 

pving  the  various  Modes  of  Delineating  Solid  Forms  by  Constructions  on  a 
Single  Plane  Surface.    By  J.  F.  Hbathbr,  M.A.  [/«  preparation, 

*«*  Tktabe/vethmvelMmeswtll  formaCouvixx%  Elbmbntary  Coursb  or 

Mathbmatical  Drawing. 
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Arithmetic,  Geometry,  Mathematics,  etCf  contmu^d. 

83.  COMMERCIAL  BOOK-KEEPING,   With  Commeraal  Phnsct 

and  Fonna  in  English.  French,  Italian,  and  German.  By  Jamis  HAOOOif, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,    is. 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  fall  Explana- 

tions of  its  Theoretical  Principles,  and  nnmerons  Examples  for  Practice.  For 
the  Use  of  Schools  and  for  Self-  Instmction.  By  J.  R.  Yoitng,  late  Professor 
of  Mathematics  in  Belfast  College.    New  Edition,  with  Index.    xs.6d. 

84*  A  Kbt  to  the  above,  containing  Solutions  in  fall  to 'the  Exercises,  tofetbcr 
with  Comments,  Explanations,  and  Improved  JProcesses,  for  the  Use  of 
Teachers  and  Unassisted  Learners.    By  J.  K.  Youmc.    is.  6d. 

85.  EQUA  TIONAL  ARITHMETIC,  applied  to  Questions  of  Interest* 
8s*.   Annuities,  Life  Assurance,  and  General  Commerce ;  with  various  Tables  by 

which  all  Calculations  may  be  greatly  facUiUtad.  ByW.  Hipsut.  la  Two 
Parts,  IS.  each ;  or  in  One  Vol.    >s. 

86.  ALGEBRA,    the   ElemenU   of.      By  James  Haddon,  MA., 

Second  Mathematical  Master  of  King's  College  School.  With  Appeodix, 
containing  miscellaneous  Investigations,  au&d  a  Collection  of  PioolaBS  isi 
various  parts  of  Algebra,    as. 

.86*  A  Kby  and  Companion  to  the  above  Book,  forming  an  extensive  rcnository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.  Especially  adapted  for  Self-Instmc* 
tion.    By  J.  R.  Young,    zs.  6d. 

88.  EUCLID,  The  Elements  op  :  with  many  additional  Propositioas 

89.  <^nd  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  on 
'  Logic.    By  Hknry  Law,  C.E.    ss.  €A, 

•«•  S^ld  alto  teparatefyy  vi%, : — 

88.  FucuD,  The  First  Three  Books.    By  Hbnry  Law,  C;B.    is. 

89.  El'cud,  Books  4,  s,  6,  11,  zs.    By  Hbnry  Law,  C.E.    is.  6d. 

90.  ANALYTICAL  GEOMETRY  AND  CONICAL  SECTIONS, 

a  Rudimentary  Treatise  on.  By  James  Hann,  late  Mathematical  Master  erf* 
King's  College  School,  London.  A  New  Edition,  re-written  and  enlarged 
by  J.  R.  Young,  formerly  Professor  of  Mathematics  at  Belfast  College,     n. 

91.  PLANE    TRIGONOMETRY,  the    Elements    of.     By  James 

Hanm,  formerly  Mathematical  Master  of  King's  College,  London,    is. 

92.  SPHERICAL  TRIGONOMETR  Y,  the  ElemcnU  of.    By  James 

Hann.    Revised  by  Chaklbs  H.  Dowuno,  C.E.    is. 
•»•  Or  wiih  "  The  Btementt  of  Plane  Trigonometry, ^^  in  Ons  Volmnu,  at. 

93.  MENSURATION  AND  MEASURING,  for  Students  and  Prtc- 

tical  Use.  With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  of 
Modem  Engineering.  Hy  T.  Bakbr,  C.B.  New  Edition,  with  Correctioos 
and  Additions  by  £.  Nuobnt,  C.E.    lUustnted.     is.  6d. 

94.  LOGARITHMS,  a  Treatise  on;  with  Mathematical  Tables  for 

facilitating  Astronomical,  Nautical,  TriTOUometrical,  and  Logarithmic  Calcn- 
lations;  Tables  of  Natural  Sines  and  Tangents  and  Natural  Cosines.  By 
Hbnry  Law,  C.E.    Illustrated,    as.  6d. 

loi*.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS,  and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.    By  W.  S.  B.  Woolhousb,  F.R.A.S.,  ftc.    is.  6d. 

102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.     By 

Hombrsham  Cox,  B.A.    Illustrated,    is. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.    By  James  Hann, 

lateof  King's  College,  London.    Illustrated,    zs. 

loi.  DIFFERENTIAL  CALCULUS,  Examples  of  the.   By  W.  S.  B. 

W001.HOUSK,  F.R.A.S.,  8cc.    zs.  6d. 

104.  DIFFERENTIAL  CALCULUS,  Examples  and  Solations  of  the. 

By  Jambs  Haddon,  M.A.    xs.  6d. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continutd, 

\o%,  MNEMONICAL  LESSONS. -^Gmouetky^  Aloebka,  and 
Trigonombtky,    ia   Easy  Mnemonical   Lessons.      By  the  Rev,  Thomas 

PSNYNGTON   KiRKMAN,  M.A.      ZS.  6d. 

136.  ARITHMETIC,  Rudimentary,  for  tlie  Use  of  Schools  and  Self- 
Instruction.  By  Jamu  Hadoom,  M^.  Revised  by  Abraham  Armak. 
IS.  6d. 

ij7«    A  Key  to  Haodon's  Rudimrntary  Aritrmbtic.    By  A.  Armam.    is.  6d. 

147.  ARITHMETIC,  Stepping-Stone  to;  Being  a  Complete  Coone 

of  Exercises  io  the  First  Four  Rules  (Simple  and  Compound),  on  an  entirely 
new  principle.  For  the  Use  of  Elementary  Schools  of  every  Grade.  Intended 
as  an  Introduction  to  the  more  extended  works  on  Arithmetic.  By  Abraham 
Arhan.    is. 

148.  A  Kby  to  STBppmG-STONB  TO  Arithmbtic.    By  a.  Arman.    is. 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  ConUining 
full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
nnexampled  rapidity  and  accuracy.  By  Charlbs  Hoarb,  C  JS.  With  a 
Slide  Rule  in  tuck  of  cover.    3B. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.    Includ- 

ing— I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  FTans. 
II.  Instmments  Used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  Bv  J.  F.  Heathbr,  M.A»  late  of  the  Royal 
Military  Academy,  Woolwich,  Author  of  "  Descriptive  Geometry,"  %sc.,  ftc. 
Illustrated,    is.  6A. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  specially)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.    By  J.  F.  Rbather,  M.A.    Illustrated,    is.  6d. 

170.  SURVEYING   AND   ASTRONOMICAL    INSTRUMENTS. 

Including:' — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Observa- 
tions.   By  J.  F.  Hbathbr,  M.A.    Illustrated,    is.  6d. 
*«*  The  above  three  ytHnmes  form  an  enlargement  of  the  Anther's  eriginai  werk. 
"  Aiathemat»e§i Instruments:  their ConsiructtontA4jnstmentt  Jesttng^and Use, 
the  Stmremtk  Editivn  e/whieh  is  en  sale,  price  is.  6a,  (See  No.  jt  in  the  5#r*iM.) 

r(A.\  MATHEMATICAL  INSTRUMENTS.  By  J.  F.  Heathee, 
169.  >  MA.  Enlarged  Edition,  for  the  most  part  entirely  re-wntten.  The  3  Parts  as 
iTo.y  above,  in  One  thick  Volume.  With  numerous  Illustrations.  Cloth  boaids.  5s. 


LEGAL    TREATISES. 


50.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 
VICES.    By  David  Gibbons.    3s. 

107.  COUNTY  COURT  GUIDE,  'PIaui   Gruide  for  Suitors  in  the 

County  Court.    By  a  Barristhr.    is  6d. 

108.  THE  METROPOLIS  LOCAL  MANAGEMENT  ACT,  r8ih 

and  19th  Vict.,  c.  iso:  19th  and  20th  Vict.,  c.  iis;  sist  and  ssnd  Vict^ 
c.  104 ;  a4th  and  a5th  Vict.,  c.  61 ;  also,  the  last  Pauper  Removal  Act.,  ana 
the  Parochial  Assessment  Act.    is.  6d. 

io8».  THE  METROPOLIS  LOCAL  MANAGEMENT  AMEND^ 
MBNT  ACT,  i86a,  ssth  and  a6th  Vict.,  c.  lao.    Notes  and  an  Index,    is. 
\*  With  the  Local  Management  Act,  in  One  Volume,  zs,  &/. 

151.  A  HANDY  BOOK  ON  THE  LAW  OF  FRIENDLY,  IN^ 
DUSTRIAL  h»  PROVIDENT  BUILDING  b>  LOAN  SOCIETIES. 
With  copious  Notes.    By  Nathanibi.  Whitb,  of  H.M.  Ciril  Service,    is. 

163.  THE  LAW  OF  PATENTS  FOR  INVENTIONS;  and  on 
the  Protection  of  Designs  and  Trado  Marks.  By  F.  W.  Campin,  Barrister- 
at- Law.    es. 
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MISCELLANEOUS    VOLUMES. 

J6.  A  DICTIONARY  OF  rERAfS  used  in  ARCHITECTURE^ 
BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCH JR- 
CLOCK  f^  FINE  AR  TS,  &^.  With  Explanatory  Observations  on  various 
Subjects  connected  with  Applied  Science  and  Art.  By  Jorm  Wbalk. 
Fottrth  Edition,  with  numerous  Additions.  Edited  by  Robb&t  Uunt»  F.K.S., 
Keeper  of  Mtnine  Records,  Editor  of  Ure's  "  Dictionary  of  Arts,  Mann£u> 
tares,  and  Mines.       Numerous  Illustrations.    5s. 

112,  MANUAL    OF  DOMESTIC   MEDICINE.      Describing   the 

Symptoms,  Causes,  and  Treatment  of  tbe  most  common  Medical  and  Surgical 
Affections.  By  R.  Gooding,  B.A.,  M.B..  Tbe  whole  intended  as  a  FamilT 
Guide  in  all  Cases  of  Accident  and  Emergency,    as. 

II2*.  MANAGEMENT  OF  HEALTH.  A  Manual  of  Home  and 
Personal  Hygiene.  Bein|^  Practical  Hiats  on  Air,  Ligh^  and  Veatilatioa  ; 
Exercise,  Diet,  and  Clothme;  Rest,  Sleep,  and  Mental  Discipline;  Bathinc 
and  Therapeutics.    By  the  Rev.  Jambs  Baird,  B.A.     is. 

113.  FIELD  ARTILLERY  ON  SERVICE,  on  the  Use  of.    With 

especial  Reference  to  that  of  an  Army  Corps.  For  Officeis  of  all  Anns. 
B^  Tadbbrt,  Captaiu,  Prussian  Artillery.  Translated  from  the  German  by 
Lieut.-Col.  Hbnry  Hamilton  Maxwell,  Bengal  Artillery,    is.  6d. 

II3».  SWORDS,  AND  OTHER  ARMS  used  for  Cutting  and  Thrust- 
ing: Memoir  on.  By  Colonel  Marbt.  Translated  from  the  French  by 
Colonel  H.  H.  Maxwsil.    With  Notes  and  Plates,    ts. 

150.  LOGIC,   Pure     and    Applied.       By   S.    H.   Eumens.       Third 

Edition,     zs.  6d. 

152.  PRACTICAL   HINTS  FOR  INVESTING   MONEY.    With 

an  Explanation  o\  the  Mode  of  Transacting  Business  on  the  Stock  Exchange. 
By  Francis  Playford,  Sworn  Broker,    is. 

153.  SELECTIONS    FROM    LOCKE'S     ESSAYS     ON     THE 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmbns.    ts. 


EDTTCATIOirAL  ANB  CLASSICAL  SEBIBS. 


HISTORY. 
I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Ori^  and  Progress  of  the  English  Constitution.  A  Text 
Book  for  Schools  and  Colleges.  By  William  Dodolas  HAMiLTOif.  F.S.A., 
of  Her  Majesty's  Public  Record  Office.  Fourth  Edition,  revised  and  brought 
down  to  1873,  Maps  and  Woodcuts.  5s. ;  cloth  boanis,  6s.  Also  in  Five 
Parts,  IS.  each. 

5.  Greece,  Outlines  of  the  History  of ;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Earope.  By  W.  Douglas  HAMiLTOif, 
of  University  College,  London,  and  Edward  Lbvxbn,  M.A.,  of  Balliol 
CoUeg<^  Oxford,    ss.  6d. ;  cloth  t>oards,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  From  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Lkvisn,  of  Balliol  College,  Oxford.  Map,^s.  6d. ;  cl.  bds.  3s.  6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress, 

^from  the  Creation  of  the  World  to  the  Conclusion  of  the  Fkaoco-GemaD 
War.    The  Continuation  bv  W.  D.  Hamilton,  F.S.A.,:of  Her  Majesty's 
r  Record  Office.    3s. ;  doth  ooards,  3s.  6d. 

50.  Dates  and  Events  in  English  History,  for  the  nse  of 

Candidates  in  PubUe  and  Private  £aaraiiiatioas.  By  tbe  Rev.  Bdgaa  Rand, 
B.A.    IS.  • 
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ENGLISH    LANGUAGE    AND    MISCEL- 

LANEOUS- 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Stndy  of  Comparative  Philoloer.  By  Hyob 
Clarke.  D.C.L.    Third  Edition,    zs. 

1 1».  Philology :  Handbook  of  the  ComparatiTe  Philolorjr  of  English, 

Anelo-Saxon,  Frisian,  Fie  1  ish  or  Dutch.  Low  or  Piatt  Dutch,  High  Dutch 
or  German,  Danish,  bwcdish,  Icelandic,  Latin.  Italian,  French,  Spanish,  and 
Portuguese  Tohguc*.    By  Hvdk  Clarke,  D.C.L.    is. 

12.  Dictionary  of  the  English    Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hydii  Clarkb,  D.C.L. 
33.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition   and    Punctuation,   familiarly  Explained    for 

those  who  hare  neglected  the  Study  of  Grammar.  By  Austin  Brbnan. 
i6th  Edition,     is. 

49.  Derivative  Spelling-Book ;  Giving  the  Origin  of  Erery  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Linguages;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  Kowbotham,  F.R.A.S.    Improved  Edition,     is.  6d. 

51.  The  Art  of  Extempore  Speaking :  Hints  for  the  Pulpit,  the 

Senate,  and  tlie  Bar.  By  M.  Bautain,  Vicar-Gcneral  and  Professor  at  the 
SorboDoe.  Tran^^lated  irom  the  French.  Fifth  Edition,  c^reiuUy  corrected, 
as.  6d. 

52.  Mining  and  Quarrying,  with  the  Sciences  connected  there- 

with. I-irst  Buck  ot,  lor  Schools.  By  1.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners'  Association  of  Cornwall  and  Devon,     is.  6d. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Public  and  Private  Examinations.  Hy  the  Rev.  Edcak 
Hand,  B.A.     xs. 

54.  Analytical  Chentiistry,  Qaalitative  and  Quantitative,  a  Course 

of.  To  which  is  prefixed,  a  Brict  Treatise  upon  Modem  Chemical  Nomencla- 
ture and  Notation.  By  Wm.  W.  Pink,  Practical  Chemist,  &c.,  and  George 
£.  Wehster,  Lecturer  on  Metallurgy  and  the  Applied  Sciences,  Notting- 
ham,   as. 

THE    SCHOOL    MANAGERS'    SERIES  OF   READING 

BOOKS, 

Adapted  to  the  Reouirements  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  Grant, 
Rector  of  Hitcham,  and  Honorary  Canon  of  Ely ;  formerly  H.M.  Inspector 
of  Schools. 

jr.  d,  t.  d, 

Iktroditctory  Primer  .    o    3       Third  Standard  .  .       .10 

First  Siandard     .       .06       Fol'rth       „         ....    1    a 
Second      „  .        .    o  10       Fiftu  „         .        .       .        .16 

%•  A  Sixth  Standard  in  Preparation. 

Lbssoks  from  the  Bible.    Part  I.    Old  Testament,    xs. 

Lessons  from  the  Bible.     Part  IL     New  Testament,  to  which  is  added 

Thf  Geography  of  the  Bible,  for  very  young  Children.    By  Rev.  C. 

Thornton  FoRsiER.     is.  ad.    *,*  Or  the  Two  Parts  in  One  Volume,  as. 


FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.    By  G.  L.  Strau»,  Ph.D.    it. 

25.  French-English  Dictionary.    Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  on  Railways,  Ice.     By  Alfrio 
Elwrs.    xs.  6d. 
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French,  catttinu^, 

'    26.  English- French  Dictionary.    By  Alfred  Elwes.    as. 
25,26.  French  Dictionary  (as  above).    Complete,  in  One  VoL,  3s.  ; 
cloth  boards,  3s.  6d.    %*  Or  with  the  Grammak,  cloth  boanb,  4s.  6d. 

47.  French  and  English  Phrase  Book:  Containing  Intro- 
ductory Lessons,  with  Translations,  for  the  convenience  of  Studentt :  sereTad 
Vocabulanes  of  Words,  a  Collection  of  suitable  Phnues,  and  Easy  Faailiar 
Dialogues,    is, 

GERMAN. 

39.  German  Grammar.      Adapted    for   English   Students,   from 

Heyse's  Theoretical  and  Practical  Granunar,  by  Dr.  G.  L.  Strauss,    is. 

40.  German  Reader :  A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany;  with  Notes,  Philological  and  Ex- 
planatory.   By  G.  L.  Stkauss,  Ph.D.    is. 

41.  German  Triglot  Dictionary.     By  Nicholas  £stxrha2T, 

S.  a.  Hamilton.    Part  I.  English- German -French,    is. 

42.  German    Triglot    Dictionary.      Part  II.   German-French* 

English,    xs. 

43.  German  Triglot  Dictionary.      Part  III.   French>Gennan- 

English.    IS. 

41-43.  German  Triglot   Dictionary  (as  above),  in  One  VoL,  3s.; 
cloth  boards,  4s.    *«*  Or  with  the  Gbrman  Grammar,  cloth  boards,  5s. 


ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Couise 

of  Exercises.    By  Alfrxd  Elwks.    xs. 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  tlie 

Italian  and  French  Nouns  are  carefully  noted  down.    ByAuRKD  Elwss. 
Vol.  I.  Italian -English-French,    as. 

30.  Italian    Triglot    Dictionary.      By  A.  Elwks.      Vol.  2. 

English-French- Italian,    ss. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwbs.    Vol.  3. 

French- Italian -English,    as. 

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  6s. ; 
ja.     cloth  boards,  7s.  6d.     *•*  Or  with  the  Italian  Grammar,  cloth  bds.,  fls.  6d. 


SPANISH. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.    With 

a  Course  of  Exercises.    By  Alfred  Klmtbs.    is. 

35.  Spanish-English   and    English-Spanish    Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering,  Stc., 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfrko  Elwbs. 
4s. ;  cloth  boards,  5s.    *«*  Or  with  the  Grammar,  cloth  boards,  6s. 

HEBREW. 
46*.  Hebre^tr  Grammar.    By  Dr.  Bresslau.    is. 
44.  HebreiKr  and  English  Dictionary,  Biblical  and  Rabbinica] ; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Kabbinical  Writings.  By  Dr.  Bresslau.  6s.    \*  Or  with  the  Grammar,  7s. 

46.  English  and  Hebrew  Dictionary.    By  Dr.  Bresslau.    3s. 

44,46.  Hebre'W  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 
46*.      the  Grammar,  cloth  boards  xss. 
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LATIN. 

19.  Latin  Graxnxnar.  Containing  the  Inflections  and  Elementary 
Principles  of  Translation  and  Construction.  By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  ProprietAiy  School,    xs. 

10,  Latin-English  Dictionary.  Compiled  from  the  best  Autho- 
rities.   By  the  Rev.  Thomas  Goodwin,  M.A.    ss. 

22.  English- Latin    Dictionary;   together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.     By  the 
Rev.  Thomas  Goodwin,  M.A.    xs.  6d. 

20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. ; 

cloth  boards,  4s.  6d.    \*  Or  with  the  Grammar,  cloth  boards,  5s.  6d. 

LATIN  CLASSICS.    With  Explanatory  Notes  in  English. 

1.  Latin  Delectus.    Containing  Extracts  from  Classical  Authors, 

with  G«nealogicaI  Vocabularies  and  Explanatory  Notes,  by  Hsnry  Young, 
lately  Second  Master  of  the  Royal  Grammar  School,  Guildford,    xs. 

2.  Caesaris  Commentarii  de  Bello  Gallico.  Notes,  and  a  Geographical 

Register  for  the  Use  of  Schools,  by  H.  YouNO.    as. 
12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.    Edited,  with  an 
Introduction,  Analysis,  and  Notes  Explanatory  and  Critical,  by  the  Rev. 
Jambs  Davibs,  M.A.    xs. 

14.  Ciceronis  Cato  Major,  Laelios,  Brutus,  sive  de  Senectute,  de  Ami- 
citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brownriog  Smith, 
M.A.,  F.R.G.S.    as. 

3.  Cornelius  Nepos.     With  Notes.     Intended  for  the  Use  ot 

Schools.    By  H.  Youno.    xs. 

6.  Horace;   Odes,   Epode,  and  Carmen  Saeculare.     Notes  by  H. 

Youno.    xs.  6d. 

7.  Horace ;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown- 

riog Smith,  M.A.,  F.K.G.S.    is.  6d. 
21.  Juvenalis  Satirae.    With  Prolegomena  and  Notes  by  T.  H.  S. 

EscoTT,  B.A.,  Lecturer  on  Logic  at  King's  College,  London,    xs.  6d. 

16.  Livy :  History  of  Rome.  Notes  by  H.  Young  and  W.  B.  Smith, 

M.A.    Part  i.    Books  i.,  ii.,  is.  6d. 
^  x6*. —  Part  a.    Books  iii.,  iv.,  v.,  xs.  6d. 

17.  —^—^—  Part  3.    Books  zxi.  xxii.,  is.  6  J. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jogurthinum.    Notes  Critical 

and  Explanatory,  by  W.  M.  Donnb,  B.A.,  Trinity  College,  Cambridge, 
xs.  6d. 

10.  Terentii  Adelphi  Hccyra,  Phormio.    Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    as. 

9.  Terentii  Andria  et  Heautoniimorumenos.     With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    xs.  6d. 

11.  Terentii  Eunuchus,  Comoedia.    Edited,  with  Notes,  by  the  Rev. 

Jambs  Davibs,  M.A.     is.  6d.    Or  the  Adelphi,  Andria,  and  Eunuchus, 
3  vols,  in  I,  cloth  boards,  6s. 

4.  Virgilii  Maronis  BucoUca  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  RusHTON,  M.A.,  and  on  the  Georgtcs  by  H.  Young,    is.  6d. 

5.  Virgilii  Maronis  JEncn,    Notes,  Critical  and  Explanatory,  by  H. 

Young,    as. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donnb,  M.A.,  Trinity  College,  Cambridge,    as. 

20.  Latin  Prose   Selections,  from  Varro,  Columella,  Vitruvius, 

Seneca.  Qnintilian,  Floras,  Velleius  Paterculus,  Valerius  Maximos  Sueto- 
nius, ApuJeius,  tc.    Notes  by  W.  B.  Donnb,  M.A.    as. 
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GREEK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  Philo- 
lof^ic.il  Researches  of  the  most  eminent  Scholars  of  our  own  day.  Bj  Haxs 
Claudb  Hamilton,    is. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  General  Use,  mi:h 

their  Significations,  Inflections,  and  Donhtful  Quantities.  Bv  Hcxrt  K. 
Hamilton.  Vol.  i.  Greek -English,  as. ;  Vol.  a.  English-Greek',  as.  Or  th« 
Two  Vols,  in  One,  4s. :  cloth  boards,  5s. 

14.15.  Greek  Lexicon  (as  above).    Complete,  with  the  Graicmak,  in 

17.      One  Vol.,  cloth  boards,  6s. 

GREEK  CLASSICS.    With  Explanatory  Notes  in  English. 

I.  Greek  Delectus.  Containing  Extracts  from  Classical  Auihois, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  byH.  Young.  New 
Edition,  with  an  improved  and  enlarged  .supplementary  Vocabnlary,  by  Jou»r 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,    xs. 

30.  ^ffischylus :  Prometheus  Vinctus  :  The  Prometheus  Bound.  From 
the  Text  of  DiNDORF.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Kev.  Jamk5  Davies,  M.A.    is. 

32.  ^£schylus:  Scptem  Con ti a  Thebes:  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  James  Davies.  M  A.    xs. 

40.  Aristophanes :   Acharnians.    Chiefly  from  the  Text  of  C.  H. 

Weisb.    With  Notes,  by  C.  S.  T.  Towmsheno,  M.A.    xs.  6d. 
26.  Euripides :  Alcestis.    Chiefly  from  the  Text  of  Dindo&f.   With 
Notes,  Critical  and  Explanatory,  by  John  Milnbr,  B.A.     xs. 

23.  Euripides :  Hecuba  and  Ikiedea.  Chiefly  from  the  Text  of  Din- 
dorp.  With  Notes,  Cntical  and  Explanatory, 'by  W.  Browmiucg  Smith, 
M.A.,  F.K.G.S.  xs.  6d. 
14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 
With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory, by  T.  H.  L.  Learv.  M.A.,  D.C.L. 

Part  X.    Books  i.j  ii.  (The  Clio  and  Eutcroe),  is.  6d. 

Part  a.    Books  iii.,  iv.  (The  Thalia  and  Melpomene),  zt.  6d.^ 

Part  3.    Books  v.-vii.  (The  Terpsichore,  Erato,  and  Polymnta)  is.  6d. 

Part  4.    Books  viii.,  iv.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

5-12.  Homer,  The  Works  of.    According  to  the  Text  of  Bakumletn. 

With   Notes,  Critical  and  Explanatory,    drawn  from   the  best  and  latest 
Authorities,  with   Preliminary  Observations  and  Appendices,  by  T.  H.  L. 
LsARv,  M.A.,  D.C.L. 
TmbIuad:         Parti.  Books  t.  to  vi.,  xs.6d.    I   Part  3.  Books  xiii.  to  zviii.,  ts.  6d. 
Part  a.  Books  vii.  to  xii.,  xs.  6d.   |   Part  4.  Books  xix.  to  xxiv.,  xs.  6d. 

Part  3.   Books  xiii.  to  xviii.,  xs.  6d. 
Part  4.   Books  xix.  to  xxiv.,  and 
Hvmns,  as. 

4.  Luclan's  Select  Dialogues.    The  Text  carefully  revised,  with 

Grammatical  and  Explanatory  Notes,  by  H.  Youmo.    xs. 
13.  Plato's  Dialogues :   The  Apology  of  Socrates,  the  Crito,  and 
the  Phado.    From  the  Text  of  C.  F.  Hermann.   Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    as. 

i8,  Sophocles:  CEdipus  Tyrannus.    Notes  by  H.  YouNO.     is. 
20.  Sophocles:   Antigone.    From  the  Text  of  Dinoorp.     Notes, 

Critical  and  Explanatory,  by  the  Rev.  John  Mllnbr,  B.A.    as. 

41.  Thucydides:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.    Hook  x.    !*• 

2,  3.  Xenophon's  Anabasis;  or,  The  Retreat  of  the  Ten  Thousand, 

Notes  and  a  Geographica    Register,  by  H.  Youno.    Part  x.  Books  i.  to  iiu, 
xs.    Part  a.  Books  iv.  to  vii.,  xs. 

42.  Xenophon's  Panegyric  on  Agesllaus.    Notes  and  Intro- 
duction by  Ll.  F.  W.  Jbwitt.    xs.  6d.  


Thb  Odyssey:    Parti.  Books  i.  to  vi.,  xs.  6d. 
Part  a.  Books  vii.  to  xii.,  xs.  6d. 
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